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THE handsome and flattering 
reception which the former volumes of 
this work has met with from the public, 
has afforded the author sufficient encou- 
ragement to ^proceed in the plan which he 
originally proposed* He trusts that his 
readers, and particularly those geutlemen 
and ladies who have introduced the Sci- 
entific Dialogues into' their schools, will 
find that the subject? of Hydrostatics and 
Pneumatics are rendered, in most^ instances, 
perfectly familiar to the pupils who have 
attended to the Conversations on Mechanics 
to which he has occasionally referred. 



VI ADVERTISEMENT. 
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_ t 

Perhaps in that part of the third volume 
which respects the specie gravities of bo- 
dies, the arithmetical operations, though 
rendered as familiar as the nature of the 
subject will admit of, may be deemed less 
easy than the other parts* To those young 
persons, however, wha have studied the sub- 
ject of decimals, which is by no means a 
difficult part of arithmetic, no obstacle will 
present itself, even in the method of ok* 
taking, by experiment and calculation, the 
specific gravity of any body whatever. In 
some cases it may be desirable to pass over 
tliis part of the book till the reader be a 
little more grounded in /arithmetical opera- 
tions; but it would have been- inexcusable 
in the author to have omitted it in his plan**, 
The subject is important, and when under- 
stood, it will be found not less interesting 
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than the other parts of the work. Authors 
in general have not illustrated this branch of 
Hydrostatics in a manner suited to the ap- 
prehension of young persons ; and, on that 
account, it will be found discussed much at 
large in the Scientific Dialogues. 

It is hoped that the explanations of all the 
Hydrostatic and Pneumatic Engines are 
perfectly adapted to the understanding of 
thdse for whom this course of instruction is 
intended : that they are, in almost all cases, 
treated in a manner more femiliar than has 
hitherto been attempted, will not, it is pre- 
sumed, be denied. The authof, in proof 
of this assertion, might, if he were inclined 
to mention particular instances, r&fer to the 
illustrations of the nature and principles of 
the Hydrostatic Paradox in the third vo- 
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FATHER — CHARLES— EMMA. 

FATHER. In pursuing our course 
of natural and experimental philo* 
sOphy, we shall now. proceed with 
that branch of science which is called 
Hydrostatics. 

Emma. That is a difficult word ; 
what are we to understand by it? 
. Father. . Almost all the technical 
terms made use of in science are 
either Greek, or derived from^the 
Greek Language. - The word hyddo* 

VOL. III. B 
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2 HYDROSTATICS. 

ft a tics is formed of two Greek words, 
which signify water, and the science 
which considers the weight of bodies. 
But hydrostatics, as a branch of natu- 
ral philosophy, treats of the nature, 
gravity, pressure, and motion of fluids 
in general; and of the methods of 
weighing solids Hi them. 

Charles. Is this an important part 
of knowledge ? 

\ Fathm Taken in this extensive 
sense, it yields 'to none as to its real 
importance* And the experiments 
which I shall show you are curious 
and highly amusing. 
* Emma. Shall we be able to repeat 
them ourselves? 

I Father, Most of them you will, 
provided you are very careful in 
using the instruments, almost all of 
which Ire made of glass. I ought 
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to tell you that many writers divide 
this subject into two distinct parts, 
viz. hydrostatics and hydraulics ; the 
latter relates particularly to the mo* 
tion of water through pipes, conduits* 
&c. 

In these conversations, I shall pay 
no regard to this distinction, but 
shall, under the general title of hy- 
drostatics, describe the properties of 
all fluids, but principally those of 
water; explaining, as we go on, the 
motions of it, whether in pipes, 
pumps, siphons, engines of different 
kinds, fountains, &c. Do you know 
what a fluid is r { 

Charles. I know how to distinguish 
a fluid from a solid ; water and wine 
are fluids, but why they are so called 
1 cariuot tell. 



HYDROSTATICS. 



Father. A fluid is generally die- 
fined as a body, the parts of which 
readily yield to any impression) and in 
yielding are easily moved among, each 
other., 

Emma. But this definition does 
not notice the wetting of other bodies 
brought into contact with a fluid. If 
I put my fingers into water or milk, a 
tpart.of it adheres to them,- and they 
are said to be wet. 

Father. Every accurate definition 
must mark the qualities of all the indi- 
vidual things defined by it: now there 
are many fluids which have not the 
property of 4 wetting the hand when 
plunged into them. The air we 
breathe is a fluid, the parts of which 
yield to the least pressure, but it does 
not adhere to the bodies surrounded 
by it like water. 
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i 

Emma* Air, however, is so differ- 
ent from water, that, in this respect, 
they will scarcely admit of compa- 
rison. 

Charles. I have sometimes dipped 
my finger into a cup of quicksilver, 
but none of the fluid came away with 
it 

Father. You are right ; and hence 
you will find that some writers on na- 
tural philosophy distinguish between 
fluids and liquids. Air, quicksilver, 
and melted metals, are fluids, but not 
liquids : while water, milk, beer, wine, 
oil, spirits, &c. are fluids and liquids. 

Charles. Are we then to under- 
stand, that liquids are known by the 
property of adhering to different 
substances which are immersed in 
them ? 

Father. This description will not 

bS 
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always hold; for though mercury will 
not stick to your hand if plunged into 
a cup of it, yet it will adhere to many 
metals, as tin, gold, &c. The distinc- 
tion, between liquids and fluids is in- 
troduced into books. more on account 
of common convenience, than philoso- 
phical accuracy.: the liquid is distin- 
guished by the cohesion of its particles 
with each other*. 

Emma. You said, I believe, that a 
fluid is defined as a body, whose parts 
yield to the smallest force impressed. 

Father. This is the definition of a 
perfect fluid ; and the less force that is 
required to move the parts of a fluid, 
the more perfect is that fluid. 

Charles. But how do people rea- 
son respecting the particles of which 

* i * See Note *, p. 14. 
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fluids are composed ? {lave they ever 
seen them ? 

Father. Philosophers imagine they 
must be exceedingly small, because 
with their best glasses they have never 
been able to discern them. And they 
contend that these particles must be 
round and smooth, since they are so 
easily moved among and over one 
another. If they are round, you 
know, there must be vacant spaces left 
between them. r 

Emma. How is that, Papa ? 

Father. Suppose a number of can- 
non balls were placed in a large tub, 
or any other vessel (Plate i. Fig. 1.), 
so as to fill it up even with the edge : 
though the vessel would contain no 
more of these large balls, yet it would 
hold in the vacant spaces a great 
many smaller shot: and between these, 
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others still smaller might be intro- 
duced : and when the vessel would 
contain no more small shot, a great 
quantity of sand might be shaken in, 
and, between the pores of these, water 
or other fluids would readily insinuate 
themselves. 

Emma. This I understand; but 
are there any other proofs that water 
is made up of such globular .parti- 
cles ? 

Father. There are several: — all 
aquatic plants, that is, plants which 
live in water, are said to have their 
pores round, and are thereby adapted 
to receive the same shaped particles 
of water : all mineral* and medicinal 
waters evidently derive their peculiar 
character from the different sub- 
stances taken into their pores; from 
which it has been concluded, that 
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the particles of water are globular, 
because such admit of the largest in- 
tervals. 

Upon this principle tinctures, as 
those of bark, rhubarb, &c. are made : 
a quantity of the powder of bark, or 
any other substance, is put into spirits 
* of wine, the very fine particles are 
taken into, the pores of the spirit: 
-these change the colour of the mass, 
though it reipains as transparent as it 
was before, 

Charles. But in these cases, is not 
the bulk of the fluid increased ? 

Father. la some instances it is, 
but in others the bulk will remain pre- 
cisely the same, as the following very 
easy experiment will show. 

Take a phial with some rain water, 
mark very accurately the height at 
which the water stands ip the bottle, 
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after which you may introduce a 
small quantity of salt, which, when 
completely dissolved, you will find 
has not in the least increased the 
bulk of the water. When the salt is 
taken up, sugar may be dissolved in 
the water without making any addition 
to its bulk. 

Emma. Are we then to infer, 
<hat the particles of salt are smaller 
than those of water, and lie between 
them, as the small shot lie between 
the cannon balls; and that the par- 
ticles of sugar are finer than those of 
salt 9 and, like the sand among the 
shot, 1 will insinuate themselves into 
vacuities too smajl for the admission 
of the salt ? 

Father. I think the experiment 
fairly leads to that conclusion. L An- 
other fact respecting the particles of 
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fluids deserving your notide is, that 
they are exceedingly bard, ant) almost 
incapable of compression ? 

Charles. What do you mean, Sir, 
' by compression ? 

Father. I mean the act of squeez- 
ing any thing, in order to bring its 
parts nearer together. Almost all 
substances /with which we are ac- 
quainted may, by means of pressure, 
be reduced into a less space than 
they naturally occupy. But water, 
oil, spirits, quicksilver, &c« cannot, 
by any pressure of which human art 
or power is capable, be reduced into 
a space stnsibly less than they natur- 
ally possess, 
' Emma. Has the trial ever been 
made ? - , 

J$tker. Yes, by some of the 
ablest philosophers that evqr lived. 
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And it : has beea found, that water 
will find its way through the pores 
of gold even, rather than suffer itself 
to be -compressed into a smaller 
space. 

Charles. How was the experiment 
made? 

* Father. - At Florence, a celebrated 
city in Italy, a globe made of gold 
was filled with water, '. and closed 
so accurately that none of it could 
escape. The globe was then put into 
a presg, and a little flattened at the 
sides: the consequence of which was, 
that the Vater came through the 
fine pores of thte golden globe, and 
stood upon its surface like drops of 
dew, •• • 

Charles* Would not the globe con- 
tain as*mtich after its sides tfere bent 
in as it 8id 'before ? • 
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Father. It wbuld not; and as 
the water forced its way through the 
gold rather than suffer itself to be 
brought into a smaller space than it 
naturally occupied, it was concluded 
at that time, that water was incom- 
pressihle. Later experiments have, 
however, shown , that those fluids 
which were esteemed incompressible, 
are, in a very small degree, as, per- 
haps, one part in twenty thousand, 
capable pf compression. 

Emnm* |s it on this account you 
conclude tfcat the particles are very 
hard? . • 

Father. Undoubtedly: for if they 
were not so, you can easily conceive, 
that since there are vacuities between 
them as we have shown, and . $s are 
represented in Fig. 1. they must by 
very great pressure be brought closer 

vol. in. c 
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together, and would evidently occupy 
a less space, which is contrary to 
fact. 

» 

NqTE^-Water, oil:, spirits, &c axe said* to 
be incompressible, not because they are abso- 
lutely so, but because their compressibility is 
so very smalt as to make no sensible difference 
in calculations relative to the several proper- 
ties of those fluids. 

Mr. Canton discovered the compressibility 
of water in. the year 176l > and he says, that 
from repeated trials he found that water will 
expand, and rise in a tube, by removing the 
weight of the atmosphere, about one part in 
2 1,740, and will be as muck compressed under 
the weight of an additional atmosphere,—' 
Phil Trans. Vol UI. 

* A fluid that has no immediate tendency 
to expand when at liberty, is commonly consi- 
dered as a liquid, as water, oil, &c. See' 
Young's Lectures, Vol. h p. 259. * 
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CONVERSATION II. 



Of the JVeight and Pressure of Fluids. 

FATHER. In our last conver- 
sation we considered the nature of the 
component parts of fluids : I must 
now tell you, that these parts or par- 
ticles act, with respect to their weight 
or pressure, independently of each 
other. 

Emma. Will you explain what you 
mean by this ? 

Father. You recollect, that, by 
the attraction of cohesion*, the parts 
of all solid substances are Kept to^ 
gether, and press info one common 

* See Vol. I. Of Mechanics. Corner. III. 

C 2 
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mass. If I cut a part of this wooden 
ruler away, the rest will remain in 
precisely the same situation as it was 
before. But if I take some water out 
of the middle of a vessel, the remain- 
der flows instantly into the place from 
whence that was taken, so aft to bring 
the whole mass to a level. 

Charles. Have the particles of 
water no attraction for each other ? 

Father. Yes, in a slight degree- 
The globules of dew* on cabbage 
plants prove, that the particles of 
water have a greater attraction to 
one another, than they have to the 
leaf on which they stand. Never- 
theless, this attraction is very small, 
and you can easily conceive, that if 
the particles 'are round they, will 

* See Vol, I. Of Mechanics. Conver. IV, 
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touch each other in very few parts, 
and slide with the smallest pressure. 
Imagine that a few of the little glo- 
bules were taken out of the vessel 
(Fig. 1.), and it is evident that the 
surrounding ones would fall into their 
place. It is upon this principle 'that 
the surface of every 'fluid, when at rest, 
is horizontal or level. 

Charles. Is it upon this principle 
that water-levels are constructed ? 

Father. It is : the most simple 
kind of water-level is a long wooden 
trough, which being filled to a cer- 
tain height with water, its surface 
shows the level of the place on which 
\i stands. 

Charles. I did not allude to this 
kind of levels, but to ' those smaller 
ones contained in glass tubes^ 

c 3 
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Father. These are, njore properly 
speaking, air-levels. They are thus 
constructed (Plate i. Fig. Q.): i> is 
a glass tube fixed into l, a socket 
made generally of brass. The glass 
is filled with water, or some other 
fluid, in which is enclosed a single 
bubble of air. When this bubble 
fixes itself at the mark a } madq ex- 
actly in the middle of the tube, the 
place on which the instrument stands 
is perfectly level. When it i& not 
level, the bubble will rise to the higher- 
end. 

Emma. What is the use of these 
levels ? 

* 

Father. They are fixed to a va- 
riety of philosophical instruments, 
such as quadrants, and telescopes for 
surveying the heavens; and tlioQ- 



dolites for taking thje level of any 
fart of the earth. They are also user 
ful in the more common occurrences 
erf life. : A single, instance .will .show 
their vaJae:. clocks will not kee{)\tru6 
time unless they stand very. upright; 
now by means of one of those levels 
you may easily ascertain whether the 
bracket, upon which the clock in the 
passage stands, is level.. . . 

-'Emma.. But I .remember when 

Mr. F-* brought home your clocks 

he tried, if the bracket was even by 
means of one of Charles's marbles. 
How did he know by this ? 

Father*. The marble, being round, 
touched the board in a point only, 
consequently the line of direction* 
could not fall through that point, 

• » * 

% See Vol, T. Of Mechanics. Convcr. IX. * 
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tyut the marble would roll; unless 
the bracket was very level ; there- 
fore, when the marble was placed in 
two or more different parts of the 
board, and did not move- to one side 
or the other, he might safely con- 
clude that it was level. 

Charles. Then the water-level and 
the rolling of the marble depend on 
the same principle ? 

. Father. They do, upon the sup- 
position that the particles of water 
are round. The water-level will* 
however, be the most accurate, be- 
cause we may imagine that the parts 
of which water is composed are peiv 
fectly round, and, therefore, as may 
be geometrically proved, they will* 
touch only in an infinitely small 
point; whereas, marbles made by 
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human contrivance, touch .in many 
such points; ; .i'r / 

We now fcome to another very du» 
rious principle in. this branch bfi *ci- 
-ence, vizJ thai fluids, press equally in 
Ml directions. All bodies, .both fluid 
and solid, press downwards by the 
force of gravitation, but fluids of all 
4uid exert a' .pressure upwards and 
sideways equal to their pressure down- 
wards. .1 ....... 

EmmtK Can you show any expe- * 
Tranent* in ' proof of this ? * # » . - 
: - Fajker.> 'A, % c (Plate i. Fig. S.\ 
is a bended glass tube: with a small 
igiass funnel (Plate i. Fig. 4.) pour 
in the mouth a, a quantity of sand. 
You will find that, when the bottom 
•part is filled, whatever. is. poured in 
afterwards will stand in the side of 
the tube a b. and not rise in the 
other side bc. 
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Charles. The reason of this is, 
that by the attraction of gravitation 
all bodies have a tendency to the 
earth*; that is, in this case, to the 
lowest part of the tube ; but if the 
sand ascended in the side n c, its 
motion would be directly the reverse 
of this principle. 

Father. You mean to say that 
the pressure would be upwards, or 
from the centre of the earth. 

Charles. It certainly would. 

Father* W*H 9 we .will pour away 
the sand, and put water in its place : 
what do ybu say to this ? 

Emma. The water is level in both 
sides of the tube. 

Father- This then proves, that 
with respect to fluids there is a pres^ 

* See Vol. I. Of Mechanics. Convcr. V. 
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sore upwards at the point b as veil 
as downwards. I will show you an- 
other experiment, 

a b (Plate i. Fig. 5.) is a large 
tube or jar having a flat bottom : 
a b is a similar tube open at both 
ends. While I fill the jar with wa- 
ter, I take, care to hold the small 
tube in close to the bottom of the 
jar as td prevent any water from get- 
ting into the tube. I then raise it a 
little, and you see it is instantly filled 
with water from the jar. 

Charles. It is : and the water is 
level in the jar and the tube. 

Father. The tube, you saw, was 
filled by means of the pressure up* 
wards, contrary to its natural gra- 
vity. 

Take out the tube ; ftow the water 
having escaped, it is filled with air. 
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Stop the* upper end . a with a cork, 
and plunge it into the jir^ the water 
will only rise as high as A* 

Emma. What is the reason. of 
this, Papa? 

Father. The air with which the 
tube was filled is a body, and unless 
the .water were first to force it out 
from the tube, it cannot take its 
place. While this ink-stand remains 
here, you are not able to put any 
other thing in the * same . part of 
space. « •' 

Charles. If air be ^a substance, 
and the .tube is filled j with it, how 
can apy water make its way into the 
tube? - . . • 

Father* This is -a- very, proper 
question. Air, though a substance, 
and,, as we have: already* observed, a 
fluid too, differs . froni; vjater m: thii 
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respect, that it is easily compressible ; 
that is> the air, which by the natu- 
ral pressure of the surrounding 4 at- . 
ttjqsphere, fills the tube, may, by the 
additional upward pressure of the wa- 
ter, be reduced into a smaller space, 
as a b. Another experiment will il- 
lustrate the difference between com- 
pressible and incompressible fluids. 

Fill the tube, which has still. a cork 
in one end, >vith some coloured li- 
quor, as spirits of wine ; oyer the 
other end place a piece $f pasteboard, 
held close to the tube, to prevent any 
of the liquor from escaping. : in ; this 
way introduce the tube into a vessel 
of water^ keeping , it perpendicular all 
the time: you may now take away 
the pastehoard, and force the tube 
to any , depth*, but the< spirit is 
not like the air, it cannot in thi# 

VOL. III. D' 
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manner be reduced into a space 
smaller than it originally occupied. 

Emma. Why did not the spirits of 
wine run out of the tube into, the 
water ? 

Father. Because spirits are lighter 
than water, and it b a general prin- 
ciple that the lighter fluid always 
ascend^ to the top. • 

Take a thin piece of hofn or paste- 
board, and while you holii it by the 
edges, let your brother put a pound 
weight upon it: what is the result? 

Emma. It is almost bent out of 
my hand. 

Father. Introduce it now into a 
vessel of water at the depth of twelve 
or fifteen jnched, and bring it parallel 
to the surface. In this position, it 
sustains many ]4bui*ds weight of 
water; 
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Charles. Nevertheless it is not 
' bent in the least. 

Father. Because the upward pres- 
sure against the lower surface of the 
horn is exactly equal to , the pressure 
downward, or, which is the same 
things it is equal to the weight of 
the water which it sustains on the 
upper surface. 

You may vary these experiments 
by yourselves till we meet again; 
when we shall resume the same 
subject 
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CONVERSATION III. 



Of the tV eight and Pressure of Fluids 

CHARLES. When you were qx± 
plaining the principle of. the Wheel 
and Axis*, I asked the reason why* 
as the bucket ascended near the top 
of the well, the difficulty in -raising 
it increased? I have just now found 
another part of the subject beyond 
my comprehension. After the bucket 
is filled with water, it sinks to the 
bottom of the well, or as far as the 
rope will suffer it ; but in drawing it 

* See Vol. I. Of Mechanics. Conver. XVII. 
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up through the water, it seems to 
have little or no weight till it has 
ascended to the surface of the water.. 
How is this accounted for? 

Father. I do not wonder that 
you have noticed this circumstance 
as singular* It was long believed by 
the ancients that water did not gra- 
vitate, or had no weight, in water : 
or, as they usfed to express it more 
generally, that fluids do not gravi- 
tate in propria loco. 
' Emma. I do not understand the 
meaning of these hard words. 

Father. Nor .would I have made 
use of them, only that you can scarcely 
open a treatise on this subject without 
finding- the phrase. I will explain 
their meaning without translating the 
words, because a mere translation 
*j0ukl give you a very inadequate N 
h D 3 
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idea of what the writers intended to 
express by them. 

No one ever doubted that water 
and other fluids had weight when 
considered by themselves ; but it was 
supposed that they had no weight 
when immersed in a fluid of the same 
kind. The fact which your brother 
has just mentioned respecting the 
bucket was the grand argument 
upon which they advanced and 
maintained this doctrine. 

Emma. Does it not weigh any 
thing, then, till .it is drawn above 
the surface ? 

Father. You must, my little. girl, 
have patience, and you shall: see 
how it is. Here is a glass bottle a 
(Plate i. Fig. 6), with a stop-cock 
b cemented to it, by means of which 
the. air may he exhausted from the 
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fcottlej and prevented from returning 
into it again. ' The whole is mide 
sufficiently heavy to sink in • the ves- 
fcfcl of water € b. 

The bottle must be weighed tn air, 
that is, in the eomraon method ;: and 
suppose it weighs 12 ^ounces, let it 
now be* put into the situation! which 
is represented by the figure, when 
the weight of the bottle must be 
again taken by putting weights into 
the scale z> I then open the stop- 
cock while it is under water, and 
the water immediately rushes in and 
fills the bottle,' which overpowers the 
weights in the scale, J now put other 
weights, say 8 ounces, into the scaled 
to restore the equilibrium between 
the bottle and scalq. It is evi- 
dent, then, that 8 ounces is the 
weight of the water jn the bottle, 
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while weighed under . water. Fasten 
thq cock, and weigh the bottle in 
the uspal way in the air. . 

Charles. It weighs something more 
than 20 ounces. 

Father. That is \% ounces for ths 
pottle, £*>d 8 ounces for the water, 
besides p. snpall aUowaaee to J*e made 
for the drops of water that adhere to 
the outside pf \\ie bottle. Does not 
this experiment prove that the water 

« 

in the bottle weighed just as much in 
{be jar pf yvater as it weighed in the 
fir ? 

Emwa. I think it does. 

Father. Then wp are justified in 
concluding that the water in the 
bucket, which the bottle may repre- 
sent, weighed as piueh while vnder 
water in the well, as it did ^fter it 
was raised abpye the surface. 
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. "> Charles. This fact seems decisive, 

 

but the difficulty still remains in mf 
mind, for the weight of the bucket k 
not felt till it is rising above the sur- 
face of the water r~ • 

Father. > It ftay be thus account- 
ed for : any substance of the -same 
specific gravity with waterj may bo 
plunged into it, and it will remain 
wherever it is placed, either near the 
ixfttom, in the middle, or towards the 
top, consequently it ' may be moved 
in any direction" with the application 
of a very ernajfc force. ^ ,;1 

Emma.' What <io you mean by the 
specific gravity of a body ? . 

Father. The^ipecific gravity of 
any body is its weight compared with 
thafrof any other body*. Hence' it is 
ateo called the comparative gravity i 
thds if a cubical inch of- water be 

* See Conversation X, &c. 
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equal in weight to a cubical inch of 
any particular kind of wood, the 
specific or comparative gravities, of 
the. water and that particular wood 
are equal. But since, a cubical inch 
of deal is lighter than a cubical inch 
of water, and water is lighter than the 
tame buljt of lead or brass, we say the 
specific gravity bf the lead, or brass, 
is greater than that of . water, and. the 
specific gravity <rf water \i greater 
$hao that of deaU i vi 1 . 

CkWfa.. The Water in the bucket 
must be of the same Specific .gravity 
with that in the well; because it k a 
part of it. ,:>,.. 

Father. And the iwooden bucket 
differs very little in this respect from 
the water; because, though the wood 
is lighter, yet the iron of which, the 
hoops and handle are composed is 
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specifically heavier tha 

that the bucket and wa 

of the tame specific 

the water in the wel 

fore it is riioved very easily through 

it. 

Again, '■ we have already proved 

that the upward pressure of fluid! 
is equal to the pressure downward*, 
therefore the pressure at the bottom 
of the bucket upwards being pre- 
cisely equal toi the sahie force in a 
contrary directiqo;  .the application 
of a very smajb force, in addition to 
the upward pressure, will cause tha 
bucket to ascend. 

Emma. You account for the- easy 
ascent of the bucket upon the. sama 
principle by which you have shown 
that ham or pasteboard will not ha 
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. pLfted: . horizontally at 
f watetr? : ; 

Yes, I do: and 1 will 
some other experiments 
to prove the effect of the upward 
pressure. 

: Take a glass tube, open at both 
ends, the diameter of which is about 
the eighth of an inch, fill it with 
water, and close the top with your 
■thumb; you may now take it out 
of the water, but it will not empty it- 
self so long as the top -is kept closed 
. Ckarks. This is. not the upward 
pressure. of water, because the tube 
was taken out of it. 
\ father. You are right : it is the 
upward pressure of the air, which, 
while the thumb is kept\on th&topt 
is. not-counter balanced ; byvaoy dawn.- 
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ward pressure, 
water suspends 

Take this a 
water, and cov 

writing-paper : tnen place your hand 
evenly over the paper, so as to hold 
it very tight about the edge of the 
glass, which you may invert, and 
then take away your hand without ' 
any danger of the water falling out. 

Emma. Is the water sustained by 
the upward pressure of the air? 

Father. The upward pressure of 
the air against the paper sustains the 
weight of water, and prevents it from 
falling. 

You have seen the instrument used 
for tasting of beer or wine. 

Emma. Yes ; it is a tin tube that 
holds about half a pint, into which 

VOL. Ill, £ 
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ger one is put 
H the vent-peg, 
4nd then the beer or wine is, by 
drawing, out tbe air from it, forced 
iftto the large part of the tube, and 
by putting the thumb or finger on 
the upper part, the whole instrument 
may be taken out of the cask, and 
removed any where, for the pressure 
of the air against the bottom surface 
of the lower tube keeps the liquor 
from running out; but the moment 
the thumb is taken from the top, tbe 
liquor descends by the downward' 
pressure of the air. 

Charles. .Is it for a similar reason 
that vent -holes are made in casks? 
. Fathes, It is: for when a cask is 
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full, and -perfectly close 
downward pressure, and 
air pressing a'gainit (Be i 
cock keeps the liquor trom running 
out ; a hole made fit the top of the 
cask admits the external pressure^of 
the air, by which the liquor is forced 
out. In large u^sks of ale or porter, 
where the demand is not very greats 
' the vent-hole .need seldom be. used, 
for. a. certain portion of the ajr , con-: 
tained in the liquor escapes, and be* 
ipg. lighter than the- beer, asceooX to 
the top, by which a pressure is ere? 
Hterf without the assistance of th* 
external air. 
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CONVERSATION IV, 



Of the lateral Pressure of Fluids. 

FATHER. It is time now to ad- 
vance another step in this science, 
and to show you that the lateral, of 
side pressure, is equal to the perpen- 
dicular pressure. : 
Emma. If the upward pressure is 
equal to the downward, and the side 
pressure is also equal to it, then the 
-pressure is equal in all directions. 

. Father. You are right. Though 
the side direction may be varied in 
many ways, yet there are only the 
upward, downward, and lateral dir 
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r#$fotas. The tw& former "we Tiayg 
shown are equal 1 . That the side pr«** 
mite is equal t& tftte perpendicular 
pressure dawnWaVds, is demonstrated* 
Bif * tfery feasy ekperttitent. v 
• A BV(Plafe i: Fig. ?!) !s a vefctf 
filled -with water, having two etfuat 
orifices or hole9, rf, £, berqd with : ihe 
same tool, one at the side, tad the 
othfcr in the bottom: if ifaese holes 
are opened at the sattie* instant, and 
the watef suffered td run into two 
glasses, it will be found' that, at the 
end of a given time* they will have 
discharged equal quantities of water ; 
which is a clear proof that the water 
presses sidevwisfe as forcibly as fc dbei 
downwards. 

Charles. Are we then to take, it 
as a general principle that fluids prfcgs 
}n every' possible direction ? 

£ 3 
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Father* This, I think, our expe~ 
. riments have proved : but you must 
^ not forget that it is only true upon 
t^ie supposition that the perpendicular 
heights are cqudL For in the last 
experiment, if the hole h had bpen 
bored an inch or two higher in the 
side of (he vessel, as at c, the quan- 
tity of water running out at a would 
have been greater than that at b ; and 
much greyer would it have been, if 
• the hole h$d been bored at four op 
five inches above the bpttojp of the 
yessel. 

. This subject of pressure may be 
farther illustrated. At the bottpm of 
this tube zy (Plate j. Fig. 8.), open 
at both ends, I have tied a. piece of 
bladder, and have poured in water 
fill it stands at the mark j\ Owing 
to the pressure pf the water, the bla<J- 
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der is convex, that is, bent out* >. 
awards; dip it into the jar (Fig, 5.), • ' 
the bladder is still convex :• thrust it 
gently down, the surface of the wa- 
ter in the tube is now even with that 
in the jar, 

Emma. It is ; fuid the bladder at 
the bottom is become flat 

Father. The perpendicular depths 
.being equal, the pressure upward is 
equal to that downwards, and the 
wetter in the tube is exactly balanced 
by the water ip the jar. Let the 
tube be thrust deeper into the water. 
Charity. Now the bladder is bent 
upwards. 

Father. Tfoe upward pressure J3 
estimated by thp perpendicular depth 
of the water in the jar, measured from 
the surface to the bottom of the tube ; 
t>ut the pressure downwards must be 
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estimated by the perpendicular height* 
of the water in the tube, which being 
less than the former, the pressure up~ 
ward in the same prdportion over- 
comes that downwards, tmd forces 
up the bladder into the position as* 
^ou see it. This arid the following 
experiment are some of the best that 
can be Exhibited in proof of the tip- 
ward pressure of fluids. 

Dip an open end of a tube, hating 
a very narrow bore, into a,' vessel of 
quicksilver ; then stopping the upper 
orifice with the ' finger, lift- up the 

r 

tube out of the vessel, and you will 
see a sort of column of quicksilver 
hanging at the lower end, r which, 
when dipped in water lower than 14 
times its own length, Will, upon rb- 
moving the finger, be pressed uj* 
wards into the tube. ' * ** 
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Emma. Why do you fix upon 14 
times the depth ? 

Father. Because quicksilver is 14 
times heavier than water. Upon this 
principle of the upward pressure, lead 
or any other metal may be made to 
swim in water, a b (Plate i. Fig. 9.) 
js a vessel of water, and a b is a glass 
tube open throughout, d is a string 
by whieh a flat piece of lead x may 
be held fast to the bottom of the 
Jtube. To prevent the water from 
getting in between the lead and the 
glass, a piece of wet leather .is first 
put over the lead, . 

In this situation, let the tube be 

» • « 

immersed in the vessel of water, and 
if it be plunged to the depth of about 
eleven times the thickness of the lead 
before the string be let. go, the lead 
jvill BQt fall from the ftube, but be 
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kept adhering to k by the upward 
pressure below it. 
! Emma. Is lead 1 1 times heavier 
than water ? 

Father. It is between ^1 and 12 
times heavier ; and therefore to make 
the experiment sure, the tube should 
be plunged somewhat deeper than 1 1 
times the thickness of the lead. 

Ckurks. Is- it not owing to thfc 
wet leather that the lead sticks to 
the tube, rather than to the upward 
pressure ? 

Father. If that be the case* it 
will remain fixed if I draw up th£ 
tube an inch or two higher :— I will 
try it. 

Emma. It has fallen off. 

Father. Because when the tube 
was raised, the upward pressure was 
dimirtiebed so much as to become too 
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small to balance the weight of the 
lead. But if the adhering together 
of the lead and tube had been caused 
by the leather, there would be too 
N reason why it should not operate the 
same at six or nine times the depth 
of the lead's thickness, as well as t| 
1 1 or 1 2 times that thickness. 

This last experiment is neatly de- 
scribed by Mr. Capel Lofft in th#* f 
following liqes : . ' . 



t 4 

-And since on every'side 



The fluid Jrfesses with an equal force 
PWportion'd to the column of its height, 
The yielding water nay be made to buoy 
Or lead or gold, if, artfully; fto qi^ch 
Be made to float abo^e the weight immers'd, 
As, in proportion to the mass entire, 
Equals the difference of gravity 
Between thtjhud and the $olid mass. 
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CONVERSATION V. 



Of the Hydrostatical Paradox. 

EMMA. You are to explain a 
paradox to-day : [ I thought natural 
philosophy had excluded all para- 
doxes. 

Father. Dr. Johnson has. given 
this definition of a paradox, " an 
assertion contrary to appearances:" 
now the assertion which I am to 
refer you to is, that any quantity of 
water, hbwever small, may be made to 
balance and support any quantity, 
however^ largp. That a pound of 
water, for instance, should, without 
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any mechanical advantage/ be made 
to support ten pounds, or a hundred, 
or even a ton weight, seems at first in- 
credible; certainly it is contrary to 
what one should expect, and on that 
account the experiment to show this 
feet has usually been called the hy* 
drostatical paradox. 

Charles. It does appear unac- 
countable: I hope the experiments 
may be very easy to be understood. 

Father. Many have been invented 
for the purpose, but I know of none 
better than those described by Mr. 
Ferguson in his lectures on select 
subjects. 

obgh (Plate n. Fig. 10:) is a 
glass vessel, consisting of two tubes 
of very different sizes, joined toge- 
ther, and freely communicating with 
one another. Let water be poured 

VOI^IIL F 
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in at h, which will pass through the 
joining of the tubes, and rise in the 
wide one to the same height exactly 
as it stands in the smaller; which 
shows that the small column of wa- 
ter in n g balances the large one 
in the other tube. This will be the 
case if the quantity of water in the 
small tube be a thousand or a million 
of times less than the quantity in the 
larger one. 

1 If the smaller tube be bent in any 
oblique situation, as o f, the water 
will stand at f, that is, on the same 
level as it stands at a. This would 
be the case, if instead of two tubes 
there were any given number of 
them connected together at b, and 
varied in all kinds of oblique diree- 
tions, the water would be on a lev^l 
in them all ; that is, the perpetodicu- 
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lar height of the water would be the 
same. 

Charks. This -does not quite sa- 
tisfy me; because it appears that a 
great part of the vvatejr in the large 
tube is supported t)y the .parts B 
about the bottom, and therefore that 
the water in the smaller tube only 
sustains the pressure of a column of 
water, the diameter of which is equal 
to its own diameter. 

Father. This would be thfe case if 
the pressure of fluids were only down- 
wards, but we have shown that it 
acts in all directions: and therefore 
the pressure of the parts ne&r the side 
of the tube acts against the column 
in the middle, which you suppose is 
the only part of the water sustained 
by that which -is contained in the 
fcinall tube, consequently the smaller 

TT O 
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quantity of water in db sustains the 
larger one in a b. 

* 

Let us try another experiment. 
abc and abc (Plate 1 1. Figs. 
1 1 and IS.) ere two vessels, having 
their bottoms d d and d d exactly 
equal, but the contents of one vessel is 
20 times greater than the other ; that 
3s, Fig. 1 1, when filled up* to a, will 
hold but one pint of water, whereas 
Fig. 13, when filled to the same 
height, will hold 20 pints. Brass 
bottoms, c, c, are fitted exactly to 
each vessel, and made water-tight by 
pieces of wet leather. Each bottom 
is joined to its vessel by a hinge n, 
so that it opens downwards, like the 
< lid of a box. JJy means of a little 
hook d, a pulley f, and a weight e, 
th^ bottom is kept close to the vessel, 
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rind will hold a certain quantity of 
itfater. 

• Emma. This is, till the xveigkt* of 
1iie water overcorhe the weight e. 

' Fatter.' I should rather say, till 
fee pressure pf the water overcome 
the weight E. 

Now hold the vessel (Fig. 12.) 
upright in your hands, while I gra- : 
dually pour water into it with a fun* 
fief); thq pressure bears d©wn the^ 
bottom, and, of course, raises the 
weight, and a small quantity of the 
water escapes. Let us mark the 
height h a, at which the surface of 
the water stood in the vessel when 
the bottom began to give w^ay. 

Try the other vessel (Fig. 1 1 .) in 
the same manner, and we shall see 
that when the water rises to a, that 
is, to just the same height in tfris 

r 3 



•J 



54 HYDROSTATICS. 

vessel as in the former, the bottom 
will also give way, as it did in the 
, other case. Thus equal weights are 
overcome in the one c&se by 20 pints 
of water, and in the other by a single 
pint. The same would hold good if 
the difference were greater or less in 
any given proportion. 

Emma. . What is the reason of this, 
Papa? 

Father. It depends upon two prin- 
ciples with which you are acquainted. 
The first is, that fluids press equally 
in all directions: and the second is, 
that action and re-action are equal 
and contrary to each other* The 
water, therefore, below the fixed part 
b f will press as much upward 
against the inner surface, by the ao 

# $ee Vol. I. Of Mechanics. Conver. XI. 
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tion of the small column, as it would 
by a column of the same height, and 
of any other diameter whatsoever: 
and since action and re-action are 
equal and contrary, the action against 
the inner surface b f will cause an 
equal re-action of the water in the ca- 
vity b/c c against the bottom c, 
consequently the pressure upon the 
bottom of Fig. 1 1 . will be as great as 
it was upon the same part of Fig. 12. 
Charles. Can you prove by ex- 
periment that there is this upward 
pressure agairist the inner surface 

Father. Very easily : suppose *tf 
there were a little cork, to which a 
small string was fixed : I might 
place a tube over the cork, and then 
draw it out, the consequence Qf which . 
would be, that the water in the vessel 
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would force itself into the tube, and 
stood as high in it as it does iq the 
vessel. Would not this experiment 
prove that .there was this upward pres- 
sure against b/? 

Charhs. It would : and I can easily 
conceive, that if other tubes were 
placed in the same manner, in differ- 
ent parte of b/, the same effect wonh) 
be produced. 

Father. Then you roust admit, that 
the action against b f, or, which is 
the same thing, the re-action against 
c, that is/ the pressure of the water 
against the bottom, is equally great as 
it trouki be if the vessel were as iarge 
in every part as it is at the bottom, 
and the water stood level to the height 
A a . 

Ckarks. Yes, I do: because if 
tubes were placed in every part of 
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b Jl the same effect would be pro- 
duced in them all, as in the single 
one at f; but if the whole surface 
were covered with small tubes, there 
would then be little or no difference 
between the two Vessels, (Figs. 11 
and 12.) 

Father. There would be no dif- 
ference, provided you kept filling the 
large tube, so that the water should 
stand iq them all at the same level 
a a. Otherwise,, the introduction of 
a single tube a f would make a ma* 
terial difference : for though the 
water in a c would overcome the 
weight -e, yet if with my hand I 
prevent any of the water from run* 
ning out till I have taken out the 
cork, find suffered tfre Vater to force 
itself out of the vessel into the small 
tube, I may remove my hand with 
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safety; for the water will not over- 
come the weight now, though there is 
certainly the same quantity of water 
in it as there was before the little tube 
a f was inserted. 

Emma. I think I see the reaeon of 
this : the water stood as high as a it 
before the little tube was introduced, 
bat now it stands at the level s «r, 
and you told us yesterday that the 
pressures were only equal, provided 
the perpendicular heights were also 
equal. 

Father. I am glad to find you so 
attentive to what I say. In order 
that the pressure may overcome the 
weight £, you must put in more water 
till it rise to the level a a , and now 
you see the weight rises, and the water 
flaws out. 
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I will put another tube at g, and. 
the water rushing into that causes 
the level to descend again to x x 9 
and I must put more water in to bring 
the level up to a a> before it can over- 
come the weight e. What I havQ 
showihin these two cases will hold true 
in all, supposing you fill the cover with 
tubes. 

Charles. I see, then, that it is the 
difference of the perpendicular heights 
which causes the difference of pressure, 
and can now fully comprehend the 
reason why a pint of water may b£ 
made to balance or support a hogs- 
head ; or, in the wprds with which 
you set out, that any quantity of water, 
tiawever small, may*be made to balance 
and support any other quantity kc/w~ 
ever lai*ge. 
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Father. It is to this principle in 
hydrostatics that Mr. Capel Lofft, re- 
fers in his work entitled " Eudosia, or 
a Poem on the Universe : w 

All homogeneous fluids, which ascend, 
To equal heights, and join in equal base, 
Balance each other; howsoe'er in form 
Of the containing vessel disagreed, ' 
Or in the fluid quantity contained. 

4 

Emma. What does he mean by 
the word homogeneous? 

Father. Homogeneous fluids, are 
fluids of the same kind. What has 
been proved with regard to water, may 
be shown to hold with' regard to wine, 
or oil, or any other fluid. But the ex- 
periment will not answer if different 
fluids are made use of, as water and 
oil together . 
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CONVERSATION VI. 



Of the Hydrostatic Bellows. 

FATHER. I think we have made 
it sufficiently clear that the pressure 
of fluids of the name kind is always 
proportional to the area of the base 
multiplied into the perpendicular 
height at which the fluid stands, with- 
out any regard to the form of the ves- 
sel, or the quantity of fluid contained 
in it. 

,. Emma. I cannot help saying, that 
it still appears very mysterious to me, 
that a pint of water (Fig. 11.) 
should have an equal pressure with 

vol. in. o 



S3 ' HEMOSTATICS. 

the 20 pints in the next vessel. You 
will not say that one pint weighs a* 
much as the 20. 

Father. Your objection is proper. 
The pressure of the water upon the 
bottom c, c, does not in the least alter 
the weight of the vessel and Water con- 
sidered as one mass; for the action 
aod re-action, which cause the pres- 
sure, destroy* one another with respect 
to ih% weight of the vessel, which is 
as much sustained by the action up- 
wards, as if is pressed by the re-action 
downwards. 

The pressure of water and other 
fluids differs from the gravity or weight 
in this respect; the weight is accord- 
ing to the quantity; but the pressure 
is according to the perpendicular 
height* 

Charles. Suppose both vessels were 
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filled with any solid substance, would 
the effect produced be very different? 

Father.. If the water were changed 
into ice, for instance, the pressor* 
upon the bottom of the smaller vessel 
would be, much less than that upon 
the larger. 

. Here is another instrument (Fig. 
18.) to show yOu that a Very few 
Ounce* of water will lift up and sustain 
a large weight, 

Emmu. What is* the in&teutaetit 
called? 

Father. It is made like com- 
mon bellows, only without valves, 
and writers have given it the name 
of the hydrostatic bellows. This 
small tin-pipe e p communicate tilth 
the inside of the bellows. At present 
the ypper and lower bofend am kept 
<d0se to; one Wwtherwith *be : vteight 

a2 
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uk The inside of the boards' are not 
very smooth, so that water may insi- 
nuate itself between them : pour this 
half pint of water into the tube. 

Charles. It lias separated the 
boards, and lifted up the weight. 

Father. Thus you see that seven 
or eight ounces of water has raised 
and continues to sustain a weight of 
66 lb. By diminishing the bore of 
the pipe, and increasing its length, 
the sagne or even a* smaller, quantity 
of water would raise a much larger 
weight. 

Charles. How do you find the 
weight that can be raised by this small 
quantity of water ? 

Father. Fill the bellows with water, 
the boards of which, when distended, 
are three inches asqnd^n I will screw 
in the pipe. As there is no, pressure 
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upon the bellows* the watd? stands hf 
the pipe at the same level with that m 

theOciellows.at^'i  _ 

Now placce ;wen^tt$ an the npper 
board till the waftr ascend exactly to 
the top of the pipe e: these wteights 
express the weight of a piitar or oohairm 
of Wjiter^ the ba$e of which is equal to 
the area of the lowfer fedard of the bel» 
lows, *i?d the /hdigbt equal to the di- 
stance of that hoard from the top of 
the pipe* '■  ' .  » 

Emma. Waft you iriakfe thfc,e*pe- 

JFuth&.i Your brotfaier shall first 
jnake the catenation. 

Charter But I must look to yofc 
£>r assistance. * • . ' 

Father. You will require vefy littlfe 
pf my help. Measure the diameter 
(»f #se bellows, and the perpendicular 
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height of the pipe from the bottom 
board. 

Charles. The bellows are circular, 
and IS inches in diameter ; the height 
of the pipe is 36 inches. 

Father. Well; you have to find 
the solid contents of a cylinder of these 
dimensions ; that is, the areg. of the 
base multiplied by the height. 

Charles. To find the area I mul* 
tiply the square of 12 inches, that is, 
144, by the decimals .7854, and the 
product is 1 1 3, the number of square 
inches in the area of the bottom, 
board of the bellows. And 118 xnul- 
tiplied by 36 inches, the length of. 
the pipe, gives 4008,. the number, of 
cubic inches in such a cylinder; this, 
divided by 1728 (the number of 
cubic inches in a cubic foot), leaves* 
a quotient of 2,3 cubic feet, .the jsolid 
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contents of the cylinder. Still I have.' 
not the weight of the water. 
. Father. The weight of pure water 
is equal in all parts of the known 
world, and a cubical foot of it weighs 
1000 ounces. 

Charles. Then such a cylinder of 
water as we have been conversing 
about weighs 2300 ounces, or 144 
pounds nearly, 

Emma. Let us now see if the ex- 
periment answers to Charles's calcu* 
lotion. 

Father, Put the weights on care- 
fully, or you will dash the water out 
at the top of the pipe, and I dare pay 
that you will find the fact agrees with 
tjje (theory* 

Chartes* If instead of this pipe, 
cjne double #*e length was used> ; 
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tfould the water sustain a double 
weight ? 

Father. It would : and a pipe 
three or four , times the letagth would 
sustain three or four tidies greater 
weights. 

* 

Charles. Are thfcre then no Hattys 
to this Jcifid of experiment, except 
those which arise from the difficulty of 
acquiring length in the pipe ? 

Father. The bursting of the bel- 
lbws Tppuld -soort determine the limit 
of the experiment. Dr. Goldsmith 
says jhttt' he once saw a strong hogs- 
head split by this means.' A strong' 
smal| tube made of tin- about tO &et 
long, Tvas cemfcnjed ifrto the bulig* 
hole, and {hen water was poured ift 
to 'fill the cask : Wheji it was foH, atid 
tiie water hdd iisen W within about 
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a* foot of the top of the tube, the vessel 
burst with prodigious force. 

Emma. It is very difficult to con- 
ceive how this pressure acts with such 
power. 

Father. The water at o is pressed 
with a force proportional to the per-* 
pendicular altitude e o ; this pressure 
is. communicated horizontally in the. 
direction o p q> and the pressure so 
communicated acts, as you know, 
equally in all directions : the pressure, 
therefore, downwards upon the bottom 
of the bellows is just the same as it 
would be if p q n r were a cylinder of 
water. 

The experiment made on thp' bel- 
lows might, for wajnt of such an 
instrument, be made by means of a 
bladder in a bgx with a movable 
lid. 
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Emma. Has this property of by* 
drostatics been applied to any practi- 
cal purposes ? 

Father. The knowledge of it is of 
vast importance in the concerns of life. 
On this principle a press of immense 
power has been formed (Plate n. Fig. 
14. ), which we shall describe after you 
arfe acquainted with the nature and 
structure of valves, and which is used 
in many sea-port towns for pressing 
into small compass hay and other 
commodities which it is necessary to 
transport on board of ship, but which 
in their natural state would take yp 
too much space. 
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CONVERSATION VII. 



Of the Pressure of Fluids against the 
Sides of Vessels. 

FATHER, Do you recollect, 
Charles, the law by which you calcu* 
late the accelerated velocity of falling 
bodies* ? 

Charles. Yes : the velocity in* 
creases in the same proportion as the 
odd numbers 1, 3, 5, 7, 9, &c. ; that 
is, if at the end of one second of 
time it lias carried the body through 
16 feet; then in the next second the 

* See Vol. I. Of Mechanics. Convw. VII. 
wlVIII. 
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-body will descend three times 16, or 
48 feet : in the third it will descend 
five times 16 feet, and in the next 
seven titnes 16 feet, and so on con- 
tinually increasing in the same pro- 
portion. 

Father. Hov many, feet has it 
fallen altogether at the end of the third 
second ? 

Enmch I recollect this very well ; 
the whole space through which it 
will ikllj in three seconds is nine times 
16, or 144 feet; because the rule is, 
that the whole spaces described by 
falling bodies are in proportion to 
the squares of the times, and the 
square of three is nine, therefore if it 
fall through 16 feet in the first 
second, it yrill in three seconds fall 
through nine times 16, and in five or 
eight seconds it will descend, in the 
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former case through Sj5 times 16 feet, 
and in the latter through 64 times 
16 fee^ for 25 is the square of five, 
and 64 is the square of eight. The 
example of the afrow which you 
gave me to work has fixed the rule in 
my mind* 

Father. Well, then, what, I am 
going to tell you, will tend to im- 
press the. rule still stronger in your 
memory. 

The pressure of fluids against the 
sides of any vessel increases in the 
same proportion, and. is governed, by 
the same laws. 

Suppose abed (Platen. Fig* 15.) 
to be a' cubical vessel filled with water, 
or any other . fluid, and one of the 
sides to be accurately divided into 
any number of equal parts by the 
lines i»'.7;*fij8;-.3,A &<?. 

VOL. III. H 
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Now if the pressure of the water 
upon the part of the vessel a I b 7 be 
equal to an ounce or a pound, then 
the pressure upon the part 1 % 7 8 
will be equal to three ounces, or three 
pounds; and the pressure upon the 
part 2 3 8 9 will be equal to five 
ounces or pounds, and so on. 

Charles. Then I see the reason 
why the other part of the rule holds 
true ; viz. that the pressure against 
the whole side must vary' as the 
square of the depth of the vesseL 
• Father^ Explain to us the reason. 

Charles. The pressure upqn the 
first part being 1 , and that upon the 
second S, and that upon the third 5; 
then the pressure upon the * first and 
second taken together is by addition 
4: upon the first, second, and third, 
it must be 9; and^poa the'fifst, se* 
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cond, third, and fourth, it will be 16; 
but 4, 9, 16, are the squares of % 3,4. 

Emma. And the pressure upon the 
whole side abed must he 36 times 
greater than that upon the small part 
u lb 7- 

Charles. And if there are three 
vessels, for .instance* whose .depths 
areas 1, 2, and.\3, the pressure 
against the side of the second will be 
four times greater than that against 
the first; and the pressure against 
the side of the third will be. nine 
times greater than that against the 

*; : Father. You ace right : the beauti- 
ful simplicity of the rule, and .its being 
,ihe sarme * by which the accelerating 
velocity of falling bodies is. governed, 
wtt make it impossible . that you 
should hereafter forget it. . . ^ 

H2 
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The use that I shall hereafter call 
you to make of the rule, induces me 
to put a question to Emma. 

In two canals, one five feet deep, 
and the other 15, what difference of 
pressure will there be against the sides 
of these canals ? 

Emma. The pressure against the 
one will be as the square of 5, or 
££; that against the other will be ai 
the square of 15, or 225 ; now the 
lattei number divided by the former 
gives 9 as a quotient, which shows 
that the pressure against the sides of 
the deep canal is nine times greater 
-than that against the sides of the shal- 
low one. 

Can this principle be proved by an 
experiment? 

JFather. By «, very simple one : 
(Plate jt. Fig. l&) is a vessel of the 
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same size as the last, the bottom and 
side b are wood mortised together; 
the front and opposite side are glass 
carefully inserted in the wooden parts, 
and made water-tight A thin board 
e hangs by two hinges x y> and is held 
close to the glass panes by means of 
the pulley and weight w. The board 
b covered with cloth and made water* 
tight 

Now observe the exact weight 
which is overcome when the water 
is poured in and rises to the line 1 ; 
then hang on four \ times that weight, 
and you will see that water may be 
poured into the. vessel till it rise to the 
line 2 , when the side c will give way 
and let part of it out. ' 

Efnma. But why does only a part 
run away ? 

u3 
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Father. Because when & mo*H 
quantity of the water haa escaped, 
the weight vr is greater than the 
pressure of the water against c r and 
therefore tbe door c still be drawn 
close to the glass panes, and confine 
tbe rest within the vessel. 

You may now hang on a weight 
nine times greater lhan the first, and 
then the vessel will contain water tpU 
it rise up to the mark 9, when -the 
side will give way by the pressure, 
and part of the water escape, . 

Charles. You have explained the 
manner of estimating the pressure of 
fluids against tbe sides of a vessel ; by 
what rule are Ave to find the pressure 
upon the bottom ? 

Father. In . such .vessels as those 
which we have just described ; that is, 
where the sides mre perpendicular to 
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%be bottom/ and the bottom parallel 
to the horizon, the pressure mH be 
equal So the weight of thefimi. 

Emma. If then the vessel y x hold 
a gallon of water, which weighs about 
eight pounds, and if the bottom were 
made moveable like the side, would 
a weight of eight pounds keep the 
water in the vessel ? 

father. It would : for then there 

* 

would be ao-eqd(libriuiri between the 
pressure of the water and the weight. 
And the pressure upon any one side 
is equal to half the pressure upon the 
bottom ; that is, provided the bottom 
and sides are equal to one another. 

Chatks. Pray, Sir, explain' how 
this is made out* 

Father. The pressure upon the 
bottom is, as we have shown, equal 



~\ •> 
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to the weight of the fluid. But we 
have also shown that the pressure on 
the side grows less and less continu- 
ally, till at the surface it is nothing. 
Since then the pressure upon the bot- 
tom is truly represented by the area 
of the base multiplied into the alti- 
tude of the vessel ; this pressure upon 
the side will be represented by the 
base multiplied into half the altitude. 

Emma. Is the pressure upon the 
four sides equal to twice the pressure 
upon the bottom ? 

Father. It is : consequently the 
pressure of any fluid upon the bottom 
and four sides of a cubical vessel is 
equal to three times the weight of 
the fluid. 

Can you, Charles, tell me the dif- 
ference between the weight and th£ 
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pressure of a conical vessel of water 
standing on its base ? 

Charles. Tie weight of a conical 
vessel of aqy fluid is found by multi- 
plying the area of the base by one 
third part of its perpendicular 
height*: but the pressure is found 
by multiplying the base by the whole 
perpendicular height; therefore the 
iSW&WJ* up04 tfee bas* wilt be equal 
t*> tfejree ttti** the .wfeitf»t. 

NoTi.^-Ti^e rule for flowing the, solidity of 
ft cone or a pyramid is this, " Multiply the 
area of the base, by J of the height, and the pro- 
d Get will bo the solidity." * , 

• See Bonnycastle's Introduction to Men- 
suration, fcc. d, ij32. Second Edition. ; 



%t HYDROSTATICS. 



CONVERSATION Ttfl. 



Of the Motion of Fluids, \ ^ 

FATHER. We will how consider 
the pressure of fluids with regard to 
the motion of them through spouting- 
pipes, which is subject to the same 
law. 

If the pipes at 1 and 4 (Fig. 15.) 
be equal in size and length, the dis- 
charge of water by the pipe at 4 will 
be double that at 1. Because the 
velocity with which water spouts out 
at a hole in the side or bottom of a 
vessel, is as the square-root of. the 
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distance of the hole below the surface 
of the water. 

Emma. What do you mean by. 
ths square-root? 

Father. The square-root of any 
number is that which being multi- 
plied into itself produces the said 
number. Thus the square-root of 1 
is 1 ; but of 4 it is 2 ; of 9 it is 3 ; 
and of 16 it is 4, and so on. 

Charles.. Then if you had a tall 
vessel of water with a cock inserted 
within a foot of the top, and yon 
wished to draw the liquor off three 
times faster than it could be done 
with that, what would you do ? 

Father. I might take another 
cock of the same size, and insert it 
intso the barrel at nine feet distance 
from the surface, and the thing re* 
quired would be done. 
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Emma. Is this the reason why the 
water runs so slowly out of the cistern 
when it is nearly empty in compari- 
son of what it does when the cistern 
is just full?. 

Father. It is : because the mora 
water there is in the cistern, the 
greater the pressure upon the part 
where the cock is inserted ; add the 
greater the pressure, the greater the 
velocity, and consequently the quan- 
tity of water that is drawn off in the 
same time. 

In some large barrels there are two 
holes for cocks, the one about the 
middle of the cask, the other at the 
bottom ; notf if when - the vessel is 
full you draw the beer or wine from 
both cocks at once; you will find that 
the .lowfcr. ohe. gives? out - the liquor 
much the fastest;. :* jj J>i*v • ,.. 



I 
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Charles. In what proportion ? 

Father. As the. square-root of 2 
is greater than that of 1 ; that is, 
while yoji have a quart from the up- 
per cock, three pints nearly would 
run from the lower one. 

Emma. Are we then to under- 
stand that the pressure against the 
3ide of a vessel increases in proportion 
to the square of the depth ; hut the 
velocity of a spouting pipe, which de- 
pends upon the pressure, increases 
only as the square-root of the depth ? 

Father. That is the proper di- 
stinction. 

, Charles. Is not the velocity of 
water, running out of a vessel that 
empties itself, continually decreasing? 

Father. Certainly; because in 
proportion tp the quantity dfMra 
off, the surface descends, and conse- 

VOL. III. i 
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f 

quently the perpendicular depths be- 
come less and less. " 

» • 

The spaces described by the de- 
scending surface, in equal proportions 
of time, are as the odd numbers 1, 3, 
5, 7, 9, &c. taken backwards. > 

Emma., If. the height of a vessel 
filled with any fluid be divided into 
25 parts, and in a given space of time, 
as a minute, the surface descend 
through nine of those parts, will it 
in the next. min ate descend through 
seven of these parts, and the third 
minute five, in the fourth three, and 
in the fifth one ? 

Father. This is the law, and 
from it have been invented clepsydras 
or water-clocks- 

C harks. How are they .construct- 
ed, Sir? 

Father* ,Take: a cylindrical vespel, 
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and having ascertained the time it 
will require to empty itself, then di- 
vide, by lines, the surface into por- 
tions which are tot one another as, the 
odd numbers 1, 3, 5, 7, &c. 

, Emma. Suppose the vessel require 
six hours to empty itself, how must 
it be divided? '.) 

Father. It must be -first divided 
into 36 equal' parts ; then, beginning 
from the surface,, take 1 J of those 
parts for the, first hour, nine for the 
second, seven for the third, five for 

* 

the fourth, three for the fifth, and 
pee for the sixth : and you will find 
that the surface of the vyater will de- 
scend regularly through each of the$e 
Visions in an hour. 
. X)belie ve both of y ou have seen the 
]$$&$ that are constructed on the river 
J*a, 
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Charles. Yes : and I have won- 
dered why the flood gates were made 
of such an enormous thickness. 

Father. But after what you have 
heard respecting the pressure of fluids, 
you will see the necessity that there is 
for the great strength employed. 

Charles. I do : for sometimes the 
height of the water is 20 or SO times 
greater on one side of the gates thaa 
it is on the other, therefore the pres- 
sure will be 400 or even 900 tirae$ 
greater against one side than it is 
against the other. , 

Emma. How are the gates opented 
when such a weight presses against 
them? 

Father. There is scarcely any 
power by which they could be moved 
when this weight of water is Against 
them j therefore there are sluices by 
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tiie side, which being 4r$\Vh up,* the 
water gets away and passes into the 
bason till it becomes level ob both 
sides; then the gates are opened with 
the greatest ease, because the pressure 
being equal on both sides, a small 
force applied will be sufficient to 
overcome the friction of the hinges or 
other trifling obstacles. 

. Charles. * Is it this great pressure 
that sometimes beats, down the banks 
of rivers? 

Father. It is : for if the banks 
of a river or canal do not increase in 
strength in the proportion of the 
square of the depth, they cannot 
stand Sometimes the water in a 

r 

river will insinuate itself through the 
hank hear the bottom, and if the 
weight of the bank be not equal to 
that of the water, . it will assuredly 

i3 
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be torn up, perhaps with great vio- 
lence. 

I will make the matter clear by a 
drawing. Suppose this 6gure(Plaie n. 
Fig. 17.) be a section of a river, and 
c a crevice or drain made by time 
under the bank g ; by what we have 
shown before, the upward pressure of 
the water in that drain is equal to 
the downward pressure of the water 
in the river ; therefore if that part of 
the Jbank be not as heavy as a co- 
lumn of water the same height and 
width, it must be toito up by the force 
of the pressure. 

Charks. Is there no method of 
securing leaks that happen in the 
embankments of rivers ? 

Father. The only method is that 
called puddling. If n be the bank of 
a canal in which a leak is discovered, 
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the water must be first drawn off be- 
low the leak, and a trench ] 8 or 20 
inches wide dug length-wise along the 
side of the canal, and deeper than the 
bottom of the canal : this is filled, by 
a little at a time, with clay or loam 
reduced into a half &)td state by mix- 
ing it with water : when the first layer, 
mbidi b seldom above six or eight 
Inches deep, is nearly dry, another is 
worked in the same manner till the 
whole be filled. : By this means, if the 
operation be performed by skilful 
bands, and time be allowed for ail the 
ports to dry ami cohere, the bank be- 
comes strong and impenetrable. 
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CONVERSATION IX. 



Of the Motion of Fluids. 

* * 

FATHER. I will now show you 
an* experiment by. which you will ob- 
serve the uniformity of nature's ope j 
rations in regard to. spouting .fluids. 

Charles. Do you refer to any 
other . facts besides those which relate 
to the quantity of water, issuing from 
pipes? - 

Father. Yes, I do. Let a b 
(Plate ii. Fig. 18.) represent a tall 
vessel of water, which must be always 
kept full wHile the experiments are 
making. From the centre of this 
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vessel 1 have drawn a semicircle, the 
diameter of which is the height of 
the vessel a b. I have drawn three 
lines, d 2 from the centre of the 
vessel; c 1, a 5, at equal distances 
from the centre, the one above and 
the other bfclow it : all three are 
*3ravm perpendicular to the vessel. 
By taking out the plug from the 
centre yeu will see the >ater spouts 
to m. Take your compasses and you 
Mill find that the distance ** m is ex- 
actly double the length of d &. I 
will now stop this plug and open the 
toext below; * 

i Charles* The water reaches to, is, 
which is double the length of a 5. 
- Father.- l>y m t4>e same manner 
the pipe <\ • '-""' ■' 

• Ctofate** It falls at this same spot 
K as it did from the lower oi)a- 
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Father. Because the lines c 1 and 
a 5 being equally distant from the 
centre of the semicircle, they are 
equal to one another, 

Emn\a. Then n k is the double 
of c 1, as well as of a 5. 

Father. It is. The general rule 
deduced from these experiments is, 
that the horizontal distance to which 
a fluid. will spout from an horizontal 
j>ipe, in any part of the side of aa 
upright vessel below the surface of 
the. fluid, is equal to twice the length 
of a perpendicular to the side of the 
vessel, drawn from the mouth of the 
pipe to a semicircle described upon 
the. altitude of the vessel. 

Can you r Charles^ t^U me in what 
part the pipe should be placed, in 
order {hat the fluid should spout the 
farthest possible ? : 
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Chariest In the centre : for' the 
line d 2 seems to be the greatest of all 
the lines that can be drawn from the 
vessel to. the- curved line. 

leather. Yes, it is demonstrable by 
geometry that this is the case ; and 
that lines at equal distances from 
the centre above and below are also 
equal to each other. 

Emma. Then in all cases, if pipes 
are placed equally distant from the 
centre, they will spout to the same 
point. 

• Father. They will. Instead of 
horizontal pipes, I will fix three 
others near n, which shall point ob- 
liquely, upwards at different .angles ; , 
one at 22° 30, the second at 45°, and 
the third at 67° SO*, and you will see 
that when I open- the cocks/ the wa- 
ter will cut the curve line nearly, hot 
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not accurately, in those pai$s t$ which 
the horizontal lines were drawn. 

Charles* That which spouts from 
the centre, is thrown to .the point ir, 
as it was from the centre horizontal 
pipe. The two others fall oa the 
point k, on which the upper and lower 
horizontal pipes ejected the stream. 

Emma. I thought the water from 
the upper cock did not reach so high 
as the mark. 

Father. It did not The reason 
is, that it had to pass through a larger 
body of air, and the resistance from 
that retarded the water and prevented 
it from ascending to the point to 
which it would have ascended if the 
air had been taken away. 

While we are on this subject, I 
wiU just mention, that as .you see the 
water spouts the farthest . when the 



THE MOTION OV FtUIDS. JW 

pipe is elevated to an angle ef 45°, 
so a gun, cannon, &c. will project a 
bullet the farthest if it be elevated to 
an angle of 45°. 

Charles* Will a cannon or mortar 
carry a ball equally distant if it be 
elevated at angles equally distant 
from 45% the .one above and the other 
below? 

Futker. It will in theory : but 
owing to the great resistance which 
very swift motions meet with from the 
air, there must be allowances made 
for some considerable variation be- 
tween theory and practice. 

A regard to this will explain the 
reason why water will not rise so high 
in a jet as it does m a tube. 

Emmdi I do not know what thb 
Means. 

vol. nr. k 
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Father. You hate seen a foun- 
tain. 

: Emma. Yes, I have often been 
amused with that in the. Temple. 

Fathei\ All fountains are called 
jets; or jets tTtazL Now if the water 
of that in the Temple ascended in* a 
pipe, it would rise higher than it 
does in the open air. Turn to Fig. 
10, the water in the small tube rises 
to a level with that in the larger one ; 
qow if the. tube h q were broken off 
aW, the water would spout up like a 
fountain, but not so high as it stands 
in the tube, perhaps no higher than 
to di 

Charles. Is that owing wholly to 
the resistance of the air ? - • v . 
. Fatk&r. ; It is to* be ^ ascribed to 
the resistance which the water meets 
with from the air and to the force 
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of gravity, which has a tendency to 
retard the motion of the steam. 

Emma Why does the fountain in 
the Temple sometimes play higher* 
and sometimes lower? * 

Father. Near the Temple-hall 
there is a . reservoir of water, from 
which a pipe communicates with the 
jet in the fountain: and according 
as the waiter in the reservoir is higher 
or lower, -the height to which the 
fountain plays is regulated. ■» . 

Charles.. By turning a cock near 
the* pump, the** fountain" is instantly 
.lowered,' - - 

Father. That cock is likewise 
connected - with- the - reservoir, -and 
therefore taking water from it must 
have the effect erf lowering the gtreain 
at the fountain/ as well as that in the 
- reservoir. ; ,*.,.'.. *. 
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Emma* It soon recovers Us force 
again. 

Father. Because there i» a con- 
stant supply of water to the reservoir, 
which, however, does not come in so 
quick as the cock lets it out, or the 
fountain would always play to . the 
atone height 

From what you have already learnt 
on this subject, you will he able to 
know how London and other places 
are supplied with water. 

Cktxrks. London is, I believe, 
supplied from the New River, but I 
do not know in what manner. 

. Fatker. The New Biver is a 
stream of water that comes from 
Ware in Hertfordshire ; it runs into a 
reservoir situated on the Ugh ground 
near Islington. From this reservoir 
pipes are laid into those . part* of 
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town that have .their water from' the 
New River, and through theae pipes 
the water; flows into cisterns belong- 
ing to different houses. - 

Emma. Then the reservoir at 
Islington must be .higher than the 
cisterns in London. 
„ Father. Certainly, because water 
will not rise above its level. On this 
account ?ome of the higher parts of 
town have hitljefcto, bjeen supplied 
from the ponds: at HajaapsteapK; and 
others are supplied from the rXhames, 
by means of the waterworks at 

London-bridge. . '.: 

Charles. Are ; pi pes laid all 'the 
way from Haropstead to town?; 

Father. They are : &ut> these sup* 
ply. the intermediate villages, as *ell 
as London : arid Hajppstead stand- 
ing so high, the water is carried up 

K3 
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into the first and second stories in 
sooae houses. Thus ypu see that 
water may be carried to any distance, 
and houses on different sides of a 
deep valley may be supplied by 
water from the same spring-bead. 
You must remember that if the val- 
leys are very deep, the pipes must be 
exceedingly strong near the bottom, 
because the pressure increases in the 
rapid proportion of the odd numbers 
1, 3, 5, 7) &€. and therefore, unless 
the strength of the wood or iron be 
increased in $e same proportion, the 
pipes will be continually bursting. 

Emma. You told me the other 
day, that the large ipound of earth, 
for it appears nothing else, near the 
end of Tottenham-courtaoad, was 
intended as a reservoir far the New 
River. 



j 
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Slather. What appeals to yon* 
and others who pass by it, only as a 
mound of earth, is an exceedingly 
large bason capable of containing a 
great many thousand hogsheads af 
waiter. ..'"•" 

Ckarks. Haw will they get th0 
water into it? *: 

Father. At Islington, n«ar thte 
New River Head, is made a large re- 
servoir upon some very high ground 5 
into which, by means of a ste&tn-en- 
gine, they will constantly thtfoar w&teff 
from the New River, ; This reservoir 
being higher than that in Tottenham- 
court-road, nothing ,more is* fceies- 
sary than to lay pipes from - klcngtan 
to that place in order to keep it: eon* 
stand y full of water. • j* 

\ By this contrivance the New River 
company will be able* to extend thdr 
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business to other parts of London 
where their present head: of water 
cannot reach. 

Charles. The weight of water in 
this place must be immensely greaU 

Father. It must; and therefore 
you observe what a thickness the 
mound of earth against the wall is to- 
wards the bottom, and that it dimi- 
nishes towards the top as the pressure 
becomes less and less. 

Emma. « Would not thp coose? 
quences be. very serious if the water 
were to insinuate itself through the 
earth at the bottom. 

Father. If such an accident were 
to happen when the reservoir was full 
of water, it would probably tear up 
the works and do incredible mischief. 
To prevent this, the vast bank* of 
earth is sloped within, as well as 



i 
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without ; it will then be covered with 
a strong coating of clay; alter this 
it will be built up with a very thick 
brick-wall, which will be carefully 
tarrassed over ; so that the whole mass 
will be as firm and compact as a glass 
bottle. 



o 
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CONVERSATION X. 



Of the specific Gravities of Bodies. 

EMMA. What is the reason, 
Papa, that some bodies, as lead or 
iron, if thrown into the water, sink, 
while others, as wood, will swim ? 

Father. Those bodies that are 
heavier than water will sink in it, but 
those that are lighter will swim. 

Emma. I do not quite compre- 
hend your meaning; a pound of 
wood, another of water, and another 
of lead, are all equally heavy. For 
Charles played me a trick the other 
day: he suddenly asked which was 
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heavier, a pound of lead or a pound 
of feathers ? I said the lead, and you 
all laughed at me, by which I was 
soon led to perceive, that a pound, 
or 16 ounces of any substance what- 
ever, must be always equal to the 
same weight. 

Father. You are not the first per- 
son that has been taken in by this* 
question. It is a common trick. 
Although a pound of lead and Another 
of water be . equally heavy, yet they 
are not of equal magnitudes. Do 
you know how much water goes to 
a pound ? 

Charles, Yes ; about a pint. 

Father. Do you think that if I 
were to fill the same pint measure 
with lead, that would weigh a pound 
only ? 
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Charles. Oh no ; that would weigh 
a great deal more. I dt> ftot believe 
that the 14 pound weight below stairs 
is much larger than a pint measure. 

father. Yes it is, by about a 
fourth part: the same measure that 
contains one pound of water, tvould^ 
however, contain about 11 pounds 
of lead : but it would contain 14 
pounds of quicksilver, whieh, you 
know, I could as easily pour into the 
vessel as if it wer$ water. 

Here are two cups of equal size; 
fill the one with water, and I will fill 
the other with quicksilver. 

Emma. Why did you not let Charles 
pour out the quicksilver ? 

Father. The loss of wetei ii a 
matter of little consequence ; but ii, 
by chance, he had thrown down the 
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quicksilver, the accident might have 
occasioned the loss of sixpence, or ^ 
shilling ; and economy is right in all 
the affairs Qf^life. Take the cups in 
your hand ; which is the heavier ? 
Charles. The quicksilver by much, 
Father.* But the two cups are of 

i 

equal size. J 

E?nma. Then there must be equal 
quantities of water and quicksilver. 

Father: They are equal in bulk. 

Charles. But very unequal in 
weight : shall I try how much heavier 
the one is than the? other. 

Father- If you please. In what 
manner will you ascertain the mat- 
ter? 

Charles. I will carefiilly weigh the 
two cups, and then dividing the 
larger weight by the smaller, I shall 

YQl, in.' & 
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see how many times heavier the 
quicksilver is than the water. 

Father. You trill not come to the 
point accurately hy th&t' means; be- 
cause the weight of the cups is pro- 
babfy equal, but by this method they 
ought to differ in weight id the same 
proportion as the two substances. 

Emma. Then pour the quicksilver 
first into the scale and weigh it ; after- 
wards do the sdthe with the water ; 
end divide the former by the latter: 
will not that give the result? 

Father. Yes, it will : or you may 
inake the ' experiment in this me- 
thod. 

Here is a small phial, that weighs, 
now it is empty, an ounce; fill it 
with pure rain water, and the weight 
of the whole is two ounces. 
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.Charles. Then it contains one 
ounce of water, , 

Father. Pour put the water, jhj4 

t let it be well dried both within ^nd 

;withQut ; fill it now very accujrq£ely 

with quicksilver, and weigh it'agaip. v r 

Emma. It wejgha a. little mpre 

than 15 ounces: but as the b.Qttle 

weighs one ounce, the quiclfsUvfy: 

w.eighs something • more than ] 4 

oupces. 

Father. What do you infer from 
this, Charles ? 

Chqrles. That the quicksilver is 
more than 14 ; types heavier t,ha.n 
water. 

Father. 1 will now pour ajyay the 
quicksilver, and fill the phial with 
pure spirits of wine, or, as the ehe- 
mists call it, with alcohol. 
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Emma. It does not weigh two 
ounces now; consequently the fluid 
does not weigh an ounce. The al- 
cohol is, then, lighter than water. 

Father. By these means, which 
you cannot fail of understanding, 
ive have obtained the comparative 
Weights of three fluids : philosophers, 
as I have before told you,- call these* 
comparative weights, the specific gra- 
vities of the fluids : they have agreed 
also to make pure rain water the 
standard to which they refer the com- 
parative weights of all other bodies, 
whether solid or fluid. 

Charles. Is there any particular 
reason why they prefer water to every 
other substance ? 

Father. I told you a few days 
ago, that rain water, if very pure, is 
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of the s^me weight in alF parts of the 
world : and, what is very remarkable, 
a cubical foot of water weighs ex- 
actly a thousand ounces avpirdupoise: 
on these accounts it is admirably ' 
adapted for a standard, because you 
can at onpe tell thfc weight of a cu<- 
bical foot of any other substance, if 
you know its specific gravity. 

Emma. Then a cubical foot of 

quicksilver \yeigh3 14,Q00 ounces. 

r Father. You are r^gbt ; and jf 

te*d is 1 1 times hwvjpr than w£tfur, 

,*■ cubical fwt. of it ,\viU w^gb J^>QQ0 

ounces. 
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CONVERSATION X. 



»   * 



Of the Specific Gravities of Bodies* 

FATHER. Before we enter upon 
the methods of obtaining the specific 
gravities of different bodies, it will 
be right to premise & few particulars, 
which, it is necessary should be well 
understood 

You now understand, that the 
specific gravity of • different bodies 
depends upon the different quanti- 
ties of matter which equal bulks of 
these bodies contain* 
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Charks. As the momenta* of dif- 
ferent bodies are estimated by the 
quantities of matter when the velo- 
cities are the same ; so the specific 
gravity of bodies is estimated by the 
quantities of matter when the bulks 
or magnitudes are the same. This, 
I believe, is what you mean. 

Father. I do : if you had a piece 
of wood, and another piece of lead, 
both exactly equal in size to a cop- 
per penny-piece, the former would 
be much lighter, and the latter 
considerably heavier, than the cop- 
per. 

Charles. And I should say that 
the specific gravity of the wood is 
less than that of the eopper, but of 
the head it is greater. 

* See Vol. I. Of Mechanics. Cenven VI, 
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Emma. Is it then the density that 
constitutes the specific gravity ? 

father. Undoubtedly it is-: and, 
as we observed yesterday, water is 
made use of as a medium to discover 
the different specific gravities of dif- 
ferent bodies; and also as a stand- 
ard to which they npay be all re- 
ferred j, 

Heqe $re three pieces of different 
Jtiofls of wood, which I will put into 
this vessel of water : one sinks to the 
bottom ; a second remains in any 
position of the water in which it is 
placed; and the third swims on the 
water ~ with mbre than half of the 
substance above its surface. 

Charles. The first, theOi * s heavier 
than the water, the second is of the 
same weight with an equal bulk ,of 
the fluid, and the tljird is lighter. 
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Father. Since fluids press in all 
directions, a solid that is immersed in 
water sustains a pressure on all sides, , 
which is increased in proportion to 
the height of the fluid above the 
solid. 

Emma. That seems natural, but 
an experiment would fix it better in 
the mind. 

Father. Tie a leathern bag (Plate i. 
Fig. 8.) to the end of a glass tube, 
and pour in dome quicksilver. Dip 
the bag in water, and the upward 
pressure of the fluid will raise the 
quicksilver in the tube, the ascent of 
which will be higher or lower, in pro- 
portion to the height of the water 
above the bag. ' - 

Emma. I now understand that 
the upper part of the tube being 
empty, or, at least, only filled with 
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pir, the upward pressure of the water 
Ag^ia&t the bag must be greater than 
thq,;dQwnward pressure pf the air; 
4pd th^t as the pressure y^reases ac- 
cording to (he . dqpth, {before the 
mercury must keep , rising in the 
tul?c ? 

x \Vlwt> is the reason that a body 
heavier than water, as a stone, sinks 
to the bpttop>, if the pressure upward 
is always equal to that downwards? 

Father- This is a. ysry proper 
question. The stone ^ndeavqurs to 
descend by the force of gravity : but 
ji| cannot descend without moving 
away as much of the water as is equal 
to the b.ulk of the stone ; therefore it. 
is resisted, or pressed upwards, by a 
fafpej^qijal to the weight of as -much 
water as is equal in magnitude to the 
bulk ftf the stone ; but the weight qf 
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the water is less than that of the 
stone, consequently the force jessing 
against it upwards in less' than its 
tendency downwards, and therefore it 
frill sfoik 4 %ith th6 diffidence of these 
two forces. * 

You \rtfo now be at no losfc to 
understand the reason why bodies 
lighter than water swim : ' 



"' ! 



As passing straws and buoyant leayes . • 
% y Thg yielding surface bu$ receive^;/ 

While pearls, that lure the searching eye, 
Deep treasur'd in its bosoip lie. 
 May trifles such reception find, ' 
"Float merely transient on my mind, 
While weightier thoughts admission win ? 
Smk its whole depths, and rest within. 

Browne. 

* 'Ckafles. The water being heavier, 
thtf force upwards is greater than the 
natural gravity of the body, and it will 
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be buoyed up by the difference of 
the forces. 

 Father. Bodies of this kind, then, 
will sink in water, till so much of 
them is below the surface, that a 
bulk of water equal to the bulk of 
the part of the body which is below 
the surface, is of a weight equal to 
the weight of the whole body* 

Emma. Will you explain this more 
particularly? 

Father. Suppose the body to be 
a piece of wood, part of which will be 
above and part below the surface of 
the water : in this state conceive the 
wood to be frozen into the water. 

Charles. I understand you : if the 
wood be taken out of the ice, a va- 
cuity will be left, an^i the quantity 
of water that is reqeired to 611 that 



-j 



SPECIFIC GRAVITIES* 121 

vacuity will weigh as much as the 
whole substance of the wood. 

Father. That was what I meant 
to have said. 

There is one case remaining:— 
where equal bulks of the water and 
the wood are of the same weight, 
the force with which the wood en- 
deavours to descend, and the force 
that opposes it, being equal to one 
another, and acting in' contrary di- 
rections, the body will rest between 
them, so as* neither to sink by its 
own weight, nor to ascend by the 
upward pressure of the water. 

Emma.' What is the meaning of 
this glass jar with the images in it ? 
(Plate in. Fig. 190 

Father. I placed it on the table 
in order to illustrate our subject to- 

VOL t JJf. m • 
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day. : You : obsetv6"lfhat, *by pressing 
the bladdef with injf hand, the three 
inttgeskll'Smfc. ' jV ' 1 ' •*' '" >V 

Emma. But not jtt thb same ttib- 
Ment. " "' '•' ' V ' ' ' 

1 -Father. The iitia'^k Wfe'thade of 
g1ass ; and' about tHe'samk specific 
gravity witift'the -Water { surrounding 
them, or perhaps father less than it, 
and consequently they all float near 
the surface, ^f bey are hoTlcnv, with 
little holes in the feet. When the 
air, which lies between the bladder 
atiU the surface of the water, is pressed 
by my hand, there is a pressure on 
the water which is communicated 
through \ and that part of it which 
lies contiguous to thfe feet of the 
images will be foreefl into their 
foodie^, by which their weight is so 
much increased as to rehder them 
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Iw v fer,thw ,the water,., and they 
descend , , . . 

. : gharks. Why 4o tbey not all de- 
scepd. to the same depths? 

Father. Because the hollow ; p$rf 
of, the , inj^ge e is larger than the 
hollow part of iv.aftd that is larger 
$^ M ->toa£ ,p| c; consequently the* 
s^j#e p^s^e .will force more . water 
i^tp ( 2} / tj^an*iotQ d, and npo^e»intp j> 

t ii:t Empa r 'Wbj do th^ b ( ?gin, tQ 

#sc;end npw you. ; have . te|$a . your 

hand away?,, , . . . •. ■, , ... 
*'.*. » . ■jii'' 

Father. I said the hollow parts 
of the images were empty, which was 
not quite correct : they were full of 
air, which, as it could not escape, 
was compressed into a smaller space 
when the water was* forced in by the 
pressure upon the bladder. But as 

M 2 
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soon as the pressure is removed, the 
air in the images expands, drives out 
the water, and they become as light 
as at first, and will therefore rise to 
the surface. 

Charles. The images in rising up 
to the surface turned round* 

Father. This circular motion is 
owing to the hole being on one side ; 
and when the pressure is taken off, 
the water issuing out quickly is re- 
sisted by the water in the vessel, and 
the reaction being exerted on one 
foot, turns the figure round. 
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CONVERSATION XII. 
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•jQf.tfa Methods offirdivg the Sp&ific 
Gravity of Bodies, / 

 • • • 

, QJHMA^ W)iat,are yotj gqing tp 
weigh with these scales ? 

father. This instrument (Plate, 
,IM. JFig. SO.) is calied the hydrosta- 
tic^l ,balance ; it differs but littte 
from the balance in common use. 
Some instruments of this kind are 
more complicated, but the most sim- 
ple are best adapted to my purpose. . ' 

To the beam tyv;o scaJerpans are 
adjusted, and may be ta^qn, off at 

m 3 
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pleasure. There is also another pan 
a, of equal weight with one of the 
others, furnished with shorter strings 
and a small hook, so that any body 
may be hung to it, and then immersed 
in the vessel of water b. 

Father. It is by means of this 
instrument that you find the specific 
gravity of different bodies? 

Father. It is : I will first .give you 
the rule, and then illustrate it by 
experiments. The rule should be 
committed to memory. 

" Weigh the body first in air ; that 
is, in the common method : then weigh 
it in water; observe how much weight 
it loses by being weighed in water, 
and by dividing the former weight 
by the loss sustained, the result is 
its specific gravity, compared with 
that of the water." 
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I will give you an example. — Here 
is a new guinea: it weighs in the air 
129 grains: I suspend it by a fine 
thread of horse-hair to the hook at the 
bottom of the pan a, and you see that 
by being immersed in water it weighs 
only 12 if grains. 

Emma. Then in the water it has 
lost of its weight 7i grains* 

Father. Divide 129 by 7h or, by 
turning the ^ into decimals, by 7.25. 1 

Charles. But I must add two ci- 
phers to the 1 29 grains, because there 
. must always be as many decimals hi 
the dividend as there are in the divisor. 
And 12900 divided by 7.25 gives fer 
the quotient more than 17. ' 

t Father. The gold is therefore more 
thaw 17 times heavier than water. 

Emma. I do not understand the 
reason of this. 
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Father. In this scale is a bason 
filled accurately to the brim with 
water. I will put ^ piece gf ma- 
hogany, into it very gently ; any thing 
e}se would answer the saqre pur- 
,po&& J 

Emma. The water runs over into 
the scple. . 

Father r So I expected it would: 
now every thing is at rest, and the 
bason is just as full as it was at first, 
wly that. the wood and water together 
fill the bason, whereas it was ail water 
before. I will take away the bases, 
and put the mahogany by itself into 
the other scale, 

Emma. It balances the water tbat 
run out of the bason. 

" Charks. The nwhogpny then dis- 
placed a quantity, of water equal to 
itself in weight. 
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Father. And so did the guinea just 
now ; and if you had taken the same 
precaution, you would have found that 
the quantity of water equal in bulk to 
the guinea weighed f% grains, the 
weight which ft lost by being weighed 
in the fluid. 

Emma. Am I to understand that 
what any substance loses of its weight, 
by being immersed in water, is equal 
to the weight of a quantity of water 
of the same bulk as the substance 
itself? 

Father. This is true, if the body 
be wholly immersed in water; and 
with regard to ail substances that are 
specifically heavier than water, you 
may take it as an axiom, that " every 
body, when immersed in water, loses 
as much of its weight as is equal 
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to the weight of a bulk of water of the 
same magnitude." 

I will now. place this. empty* box on 
the bason filled to th£ edge with water, 
aojd, as before, it drives over a quan- 
tity of .the fluid equal in weight to 
itself. Put in two penny-pieces, and 
you perceive the bo$ sinks deeper into 
the water. 

Charles, And they drive more 
water over: as much, I suppose, as 
it equal in weight to the copper 
coin. 

v ; Father* Right: how long could 
you go on loading the box ? 

Charles* Till, tb$ weight of the 

copper and box, taken together, is 

* » 

somethii^ greater than the weight of 
as much water as is e<jual it* bulk to 
the bo#» 
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F&ther. You understand,; then, 
the reason why boats, barges, and 
cftbfer vessels, swim on water 5 ; and to 
what extent you may load theniwtth 
iaftty. :; /■ .■/•*>•' 

Emma. They will swim so long as 

the weight of the vessel and Hs lad- 

• ' * * 

ing together, is less than that of a 

quantity of water, equal in bulk to the 

vessel. 

Father. Can you, Charles, 'devise 

» 

any method to make irton or lead swrn, 
fafcich are so much heavier than 
water? 

Charles. I* think I can. If the 
metal be beat out very thin^ and the 
edges turned up, I can easily con- 
ceive thata "box or ^ boat of it may 
be made to swim. Of this kind h 
<ihe copper* ball whieh is contrived to 
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* 

turn off the water when the cistern is 
full. 

Emma. I have often wondered how 
that acts.. 

Father* If upon reflection you 
could not satisfy yourself about the 
mode of its acting, you should have 
asked ; it is better to get information 
from another than to remain igno- 
rant 

The ball, though made of copper, 
which is eight or nine times heavier 
than water, is beat out so thin, that 
its bulk is much lighter than as 
equal bulk of water. By means of 
a handle it is fastened to the cock, 
through which the water flows, and as 
it sinks or rises, it opens or shuts the 
cock. 

If the cistern is empty, the ball 
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bangs dawn, and the cock is open, ta 
admit the water freely: as the water 
rises in the cistern it reaches the ball r 
which, being lighter than the water, 
rises with it, and, by. rising, gradually 
shuts the cock, and, if it be properly 
placed, it is contrived to shut the cock 
just at the moment that the cistern is 
full. 

In the same way that these balls are 
made, boats of iron are now construct- 
ed at the iron-works in Shropshire : 
they will last longer than wood, and 
cause less friction in passing through 
the water. 

Can you, Emma, find the specific 
gravity ofj this piece of silver ? 

Emma. It weighs in air 318 
grains :. I now fasten it to. the hook 
with the horge-hair, and it weighs in 
water £88 grains, which, taken from 

VOL, II*. N 
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318, \qsvt iO } the weight it lost in 
water, j By dividing 318 by SO, the 
quotient is about «" 10^ consequently 
the specific gravity of the silver is ten 
aiid<a> half times grater than that of 
waters •:'•';"' .. 

: Fatten.: ! What is the specific gra- 
vity of- this piece of dial-glass-? It 
weighs 12 pennyweights in air. 

^Charles. And >in water it weighs 
only )8, and co»B€cpiently. loses 4 by 
im merman; an-d 12 divided by 4 gives 
3, therefore the specific gravity of flint- 
glass }g 3 ti«i$s '-greater than that of 
water. 

Father. This -is not the case with 
jail flint-glass ; it varies "from 2 to al- 
most 4. 

Here is an ounce of quicksilver ; 
let me kiiow its specific gravity by the 
method now proposed. :. 
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, Emma. How. will ypti i^aimge 
that? yob cannot hang , it upon the 
balance. ti \ 

. Ftifher. ; 'But you may suspend this 
glass bucket (Plate iu.;;]?ig*:SL) on 
the hook! at the bottom of Ay immerse 
it in thfe water, and them balance it 
exactly with weights in the opposite 
scale. 

1 will ;ii©Hvipu> into the bucket the 
ounce, Or 480 grains of quicksilver 
and see how ranch it loses in water. 

Chdrks. It weighs 44£ .grains, and 
consequently it lost 35 grains . by; h#- 
mersion ; and 480 divided by 35 give 
almost 14, so that mercury is almost 
14 times heavier than water. 

Father. In the same manner we 
obtain the specific gravity of all bo- 
dies that consist of small fragments. 
They must be put into the glass 

n2 



1S6 • *rDBO STATICS. 

bucket and weighed ; and then if from 
the weight of the bucket and body in 
the fluid, you subtract the weight of the 
bucket, there remains the weight of 
the body in the fluid. 

Emma. Why do you make use of 
horse-hair to suspend the substances 
with? would not silk or thread do as 
well? 

Father. Horse-hair is by much the 
best, for it is very nearly of the same 
specific gravity of water; and its sub- 
stance is of such a nature as not to ira- 
•bibe moisture. 
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CONVERSATION XIII, 



/ 



Of 'the Methods of finding the Specific 
Gravity of Bodies. 

* * « 

CHARLES. I have (endeavoured 
to find out the specific gravity of this 
jaiece of beech* wood; but, as it will 
not sink in the ttater, I know not how 
to do it. 

Father. It is. true, that we have 
hitherto only .given rules for the find- 
ing -of the specific gravity of bodies 
that are heavier than water; a little 
consideration! however, will. show you 

N S 
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<how to obtain the specific gravity df the 
beech. Can you contrive means t# 
sink the beech in the water ? 

Charies. Y^s ; if I join a piece of 
lead, or other metal, to the wood, it 
will sink. 

Father. The "beech weighs 669 
grains; I will annex to it an ounce, 
or 480 grains of tin, which in water 
loses of its weight 51 grains. In air 
the weight of the wood and metal 
taken together is 1 140 grains ; but in 
water they weigh but 1 38 grains <: 138 
taken from 1140 leavfe 1002, the dif- 
ference between the weights in air and 

in water. 

Charles. I now see the mode of 
"finding what I want. The whole 
mass loses 1002 grains by immersion, 
^nd the tin by 4tsel£ lost in water 5 1 
grains; therefore the wood lost 951 
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^grains of its weight by immersion : 
and 660 grains, the weight of the 
beech in air, divided by 951, which 
it may be said to lose by immersion, 
-leaves in decimals for a quotient 
694. 

Father. Then making water the 
standard equal to 1, the beech is 
-694, or nearly ^ths of 1 : that is, 
.a cubic foot of water is to a cubic foot 
of beech as 1000 to 694, for the, one 
•weighs 1000 ounces, and the other 
694 ounces. 

Emma. It seems odd how a piece 
of wood that weighs about 660 grans 
in air, should lose of its weight £5 1 
grains. 

Father. You must, in this case, 
consider the weight necessary to make 
it sink in water, which must be added 
to the weight of the wood. 
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I will now endeavour to make the 
subject easier by a different method. 

This smali piece of elm -a, I will 
place between die tongs (Plate, im. 
Fig. £2.) that are nicely balanced on 
the beam, (Fig. v 20.) The elm weighs" 
36 grains. To detain it under water, 
I must .hang $4 'grains to the end of 
the lever on which, the tongs are fixed : 
theii, by the Rule of Three, I say, as 
the specific gravity of the elm is to the 
specific gravity of water, so is 36, the 
weight of the elm, to 60, the weight of 
the eljn and the additional weight re- 
quired to sink it in water, or as 60: 
36:: S.G.W.S.G. E. 

Emma. You have not obtained 
the specific gravity of the elm, but a 
proportion only. 

Charles. But three terms arc 
given, because the water is always 
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considered as unity or 1, therefore 
the specific gravity of the elm is 

36X1 ~ 
— - — =.o. 

60 

Emma. . I do not yet comprehend 
the reason of the ^proportion as- 
sumed. 

Father. It is very pimple. The elm 
is lighter than the water, but by hang- 
ing weights to the side of the balance, 
to which it is attached in order to de- 
tain it just under water, I make the 
whole exactly equal to the specific 
gravity of the water ; by this means it 
is evident, that the comparative gravity 
6f the -elm is to that of the water as 36 
to 60. 

Try this piece of cork in the same 
manner. 

Emma. It weighs J an ounce, or 
£40 grains, in air; and to detain the 
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cork and tongs just under water, I am 
obliged to hang S ounces, or 960 
grains, of lead on the lever : therefore 
the specific gravity of the cork is to 
that of the water as 240 is to 1200; 
and 240 divided by 1200 gives the 
decimal .2. 

Father. Then the specific gravity 
of water is 5 times greater than that of 
cork. 

^Charles. We have accordingly ob- 
tained the fepecific gravities of water, 
beech, elm, and cork> which are as 1, 
.7 nearly .6 aftd .2. 

Father. You now understand the 
methods of obtaining tbe specific 
gravity of all solids, whether lighter 
or heavier than water. In making 
experiments upon light and porous 
woods, the operations must be per- 
formed as qiaickly as possible, to 
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prevent the water from getting into 
the pores. . ; , 

Charles. And you have likewise 
showo;us a method of getting tl^e. spe- 
cific gravity of fluids, by weighing cer? 
tain quantities of each. 

* Father. I have still a -better me- 
thod ; the rule. I will ^ive in words : 
you shall illustrate it, by examples. 

" If the same body be weighejd in 
diflfeflept' flails, ,the specific gravity 
of the. fluids will be as the weights 
lost." 

Emma. The body made use of 
must be heavier than the fluids. 

Father. Certaitdy : this glass ball 
loses of' ks weight, by. immersion in 
water, 803 grains ; in milk it loses 
831 grains; therefore the specific 
gravity of the water is to that of milk 
as 803 to 831, Now a. cubital foot 
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of water weighs 1 000 ounces ; what 
will be the weight of the same quan- 
tity of milk ? 

Emma. As 803 : 831 :: 1000 : 

1000X831 t ' „ , v 
=1035 ounces nearly. 

803 J 

Father. Do you, Charles, tcH me 
what is the specific gravity of some 
spirits of wine which I have in this 
phiah 

Ckarks. The glass loses in water 
803 grains, in the spirit of wine it loses 
699 grains, therefore the specific gro* 
vity of water is to the spirit as 803 is 
to 699 ; and to find the weight of a 
cubical foot of the spirit, I say, as 

803: 699::. 1000. : 100 ^ X6P9 = 

803. 

870 ounces. 

Father. You may now deduce the 

method of comparing the specific 

gravities of solids one with ano- 
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iher witbont ieriaking a JCOrttftioii 
-*Ua&dai>d. ( "rv<l o. •'":•. .'«* ; ;jv» : * 

Hebe is juoh oanfce^rf lead land aud- 
itor of 4ip; jlrimay wei^hthem in 
any )fluidi ndaftferotr : in water the>lotUl 
loses by dm toentiofr £2 grains, . and - die 
ton (SSfgraiijs. 

Mmma* Is the specific grgwitypf 
the <i«ad to that d£ the tin a* 4£ to 

\Eatlter. Nx> : " the specific gtta* 
5 1 wtieaiaf thocKesxce to one an tfohcr 
" inversely as the. losses of weight 
" sustained:" therefore the specific 
gravity of the lead is to that of the 
tin as 63 to 42 ; or if a block of lead 
weighs 63 pounds, the same, sized 
block of tia will weigh 42 pounds 
only. 

Charles. I think I see the reason 
of this:' the heavier the body, the 

VOL. in. ,o 
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less it loses of its weight by immersion ; 
therefore, of two bodies whose abso- 
lute weights are the same, that is, 
each weighing an ounce, pound, &c 
the one which loses least of its weight 
will be the most specifically heavy. 

Father. You are right; for the 
specific gravity of bodies is as their 
density, and their densities are in- 
veifcely as the weights they lose by 
immersion ; that is, the body tliat is 
most dense will lose the least in water. 
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CONVERSATION Xir. 



€>f the Methods of obtaining th* 
Specific Gravity of Bodies. 

s 

FA THER. As I have shown you 
the methods of finding the specific 
gravity of almost all kinds of bodies,; 
it will be prtper in; this, and one.or 
two lessons, to show ypu the practical 
utility of this part of science; 
. Emma. To whom are we indebted; 
for the discovery of the mode of per- 
forming these operations ? ' , 

Father. To that most celebrated 
mathematician of ajtfiqtfity, Arcbi* 
medes. 

o 3 



Charles. Was he not slain by a 
common soldier at the siege of Syra- 
cuse? 

Father. He was, to the great 
grief of Marcellus, the Roman com- 
mander, who had ordered that his 
house- and'pe*soi>sJiQv4dbe resgecte^: 
but the pihilpaiap^er was too deeply 
engaged in solving some geometrical 
inquiries; to> thiiiik ''of .^seeking that 
protection \thkfh even; the enemy in« 
tended fdr hkn* ' ' 

Emma. Had > be at that time so 
High, a ijeputtftioi* as Id md&ce« the 
general of a besulgi&g truly to give? 
particular orders for his preservation ? 
- Father. His celebrity was so great 
among the literati of Rome,, that bis* 
ttagjcal end caused more real sorrow 
than the capture of the whole island 
of Sicily did joy. 



I* 
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We are informed by history, that 
it was by the wisdom of Archimedes 
that the fate of Syracuse, was ldng 
suspended : by his inventions multi- 
tudes of the Roman army were 
killed, and their ships destroyed : and 
it is added that he made use of burn- 
ing glasses, which, at the distance «f 
some hundreds of yards, set the Ro- 
man vessels on fire, 
, Charles. I wonder then that he 
was not defended by his fellow* 
citizens. 

Father* Alas !  my child, I am 
sorry to say, that in other countries, 
as well as Sicily, there have been in- 
stances in which persons, who have 
benefited their country as much, as 
Archimedes, have experienced • no 
more gratitude than he did, 

o3 
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It is a fortunate cfrcuaftstdftte when 
the effort? of philosophy tee dfreeted^ 
under able judgement to the defence 
of one's country. The Remand b&& 
no more right : to phindetf Sicily tli*W 
the highwayman feces to rifle yotff 
pockets or irfine. In the eye of rea- 
Sdn arid justfee,-' bfftn&i-Ve war is the 
most deHbeFate 4nd efud' system* of 
robbery and murder. : 

But io return to 5 biir 'subject. To 
Archkiiedes the wdrkt is indebted 
for the discovery, " That every fetorfy 
" heavier thelrt ife bulk df Wter, 
Ir loste so nrech* if its Welglit; by 
f< b^irrg^ suspended in water, as is 
u equal to the wdght of a (Jnafttilfy df 
w waiter e<|tia! ttf Hs bulk.'* 

limma. Hdw did* he tfritke the 
discovery? 



»f»ti>J& cKtram is it 

Father* • Hiero, king of Syracuse^ 
hod gfvet* t* &.j$wetter a certainr 
quantity of pun* gcxk^ to mate a 
crmmfor him. The- monarch, wbep* 
htt saw €hg ca*mn r suspected the artist 
6f> hatfMg kept hack part of the 
gold. 

Emma* Why did he not weigh.it ? 

Father. Me did ; and found the 
weight right: but he suspected, per- 
hap* from the colour of the crown, 
lhat same • baser metal had been 
misted witb the gold* and therefore 
though he hid Ms weight, yet only a 
part b$it wis gold, the rest was silver 
6* ' copper; : *He applied to Archi- 
fttedm* t<y»nreetigat0 tHe fraud „ * , ; 

Chartes. Bid he melt the crdtfn^ 
ind endeaveur to separate the me tab? 

Father* That would not; have 
answered Hiero s inte&tioi}*^bis<<>b* 
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ject was to detect tbe roguery, if any, 
without destroying the workmanship. 
While the philosopher was intent 
upon the problem, he went, accord- 
ing to his custom, into the bath, 
and he observed that a quantify of 
water flowed over, which he thought 
must be equal to the bulk of his own 
body. He instantly saw the solution 
of Hiero's problem. In raptures at 
the discovery, he is said to have 
leaped froni the water and run naked 
through the streets of the city, Shout- 
ing aloud Eu^xa! Eypipca! '« I have 

found it out ! I have found it out P 

When the excess of his joy was 
abated,, he got two masses, one of 
gold, and the other of silver, each 
equal. in weight to the crown, and 
having filled a vessel very accurately 
with water, into which he first dipped 
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the sBVermass an# observed the quan- 
tity of 1 water that flowed over*: he 
then did the same with the gold, and 
ftrofid tfta* a- less quantity of water 
had flbwed over- than before. 

Ctiarks. And* was he, from these 
trialsy le<$ to coEtelude that the buH? of 
the silver was greater than that of the 
gold? 

Father. He was. And also that 
the bulk" of water displaced was, in 
each experiment, equal to the bulk 
of the metal. He then made the 
same trial with the crown, and found, 
that, thotigh of the same weight with 
the masses of silver and gold, yet it 
displaced more water than the gold, 
and less than the silver. 

Emmy* Accordingly he conclud- 
ed, I imagine, that it was neither pure 
gold nor pure silver. 
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Charles. But how could he dis- 
cover the proportions of each metal ? 

Father. I believe we have no 
other facts to carry ns farther into 
the history of this interesting experi- 
ment. But to-morrow I will, en- 
deavour to explain and illustrate the 
matter. 



SPECIFIC GRAVITY. 155 



CONVERSATION XV. 



Of:the Methods of obtaining the Spe- 
cific Gravity of Bodies.. 

EMMA. You are to describe, 
to-day, the method of detecting the 
proportion of each metal if two are 
mixed together in one mass. 

Father. Suppose I take in change 
a guinea, which I suspect to be bad : 
upon trying it I find it weighs 129 
grains, which is the standard weight 
of a .guinea. I then weigh it in 
water, and it loses of its weight 8^ 
grains, by which 1 divide the 129, 
and the quotient is 15.0, the specific 
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gravity of the guinea. But you 
know the specific gravity of the 
gold, in Tower-made guineas, is more 
than 17, and therefore I conclude the 
guinea is bage metal, a mixture of 
silver, or copper, with standard gold. 
Charles. But how will you jjet 
the proportions ttf the two metals 1 ? 

Fattier. ' Suppose, for example, that 
the mass be a compound of silver and 
gold,—" Compute what the loss of 
" a mass of standard gold would.be; 
" and likewise the loss which, a mass 
of silver equal in weight to *the 
guinea would sustain. Subtract 
" the loss of the gold from^ that 
of the compound, the remainder 
is the ratio or .proportion (pot the 
quantity) of the silver: then sub- 
tract .the loss of the compound 
•from that of the silver, the re- 
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41 maihder is the -proportion of the 
" gold/ I will propose you an ex* 
ample. 

What are the .proportions of fcihter 
and gold in a guinea w feighing 1219 
grains, whose -specific gravity is fcuud 
to be .only 13.09 ; »«pposiog the 
loss of standard tgold 7&5 9 aodlh&t 
of a piece of silver, <equal in weight 
to a gainea, 1 2*45, <aflddthe loss of the 
compound, $.86? 

Cha?ies. I first subtract the loss 
of standard gold 7-25 from the loss 
of the compound 9-85, the remainder 
is 2.6 : I now take the loss of the 
compound 9.85, from that 'Sustained 
by the silver 12. 45, and the remainder 

is also 2.6. 

* 

Father. Then the .proportions of 
silver and gold are equal to one ana* 
vol. in. p m .. * , * * 
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ther, consequently the false guinea is 
half standard gold and half silver. 

Here is another counterfeit guinea, 
which is full weight, but I know it 
is composed of standard gold, adulte- 
rated with copper, and its loss in 
water is, as you see, 8.64: now tell 
me the proportions of the two metals; 
but you should be informed that a 
piece' of copper of the weight of a 
guinea would lose in water 14.65 
grains. 

Emma. I deduct 7.25, the loss of 
a guinea standard gold, from 8.64, 
the remainder is 1.39: I now take 
the loss of the compound 8.64 from 
14.65, the loss sustained by a piece^f 
copper equal in weight to a guinea, 
and the remainder is 6.01. Is not 
the proportion of copper to gold as 
1.59 to 6.01? 
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, Fqiher* You are quite right. 
Now, by the rule of three, tell me the 
quantity of each metal. 

Emmck To find the weight of 
^e copper, I add 6.01, and 1.39 to- 
gether, which are the proportional 
weights o£ the two metals. And 
say, as 7 : 40, the sum, is to 1,59/ the 
proportional weight of copper, so. is 
the weight Of the guinea 139 grains, 
to the real wight of copper con- 
tained in the counterfeit guinea : but 

1.39X129 . " ; : 

tt- — : — r==24. 1, therefore there is 
7.40 

a little more than 24 grains of cop- 

pcHn the compound. ^ 

Father. You have found then 

that there are 24 grains of copper ia 

this counterfeit guinea. How will 

you find the weight of the gold ? 

p 2 
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]$mma. fc Very easily: for If the 
composition be copper 1 and gpfci, and 
there are found to be 94 grains of 
copper^ there must be 105 of gold. 

Charles* I have a question to 
propose.. IS by chance yon "take a 
bad guinea (I .have heard you say 
that you. never attempt to passbM 
money upop others), how should yon 
be able to ascertain' thevaiue it would 
fetch atttfip goldsmith's 2 
. Father, It is certainly very wrong 
knowingly to pass bad money upon 
the public : no man has a rights to 
commit an injury because he bas 
received one; i^ therefore, I have 
taken counterfeit tnoftey, I ought to 
abide by the loss, jather than run: 
the ris^ of injuring my neighbour; 
besides, in the course of circulation, a 
bad guinea^ or a seven-shilling piece, » 
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or even coins of much less value, may 
fall into the hands of a poor and in* 
dustrious family, which they perhaps 
laid by to Answer the extraordinary 
demands of sickness; and, at that pe* 
riod of distress, not being able to say 
from whom they received .the* coun- 
terfeit coin, they may possibly be re- 
duced to serious and pitiable difficul- 
ties v and therefore it is better for 
me to put up with the loss than run 
theiiazard of injuring the poor* 

Now to answer your question^ A 
piece of copper, of equal weight with 
a guinea, loses of its weight in water 
14.65 grains > 7.4 ratfre than is lost 
by a standard, guinea:. The value of 
a standard guinea is 252 pence, di- 
vide therefore 25£ by 7.4 and you 
get 34, the number of pence that is 
deducted, from the value of a guinea, 

p3 , 



for every gram it lose* more than fc 
would lose if it were sterling gold. 

Emma. In the guinea that lost 
8.64* how much must be deducted 
from: the real value of a guinea stand- 
ard gold? 

Charles. I can tell that ; subtract 
7.25 from 8-64 the remainder is 
1.3$, and this multiplied by 34 pence 
gives 47.26 pence, w very nearly 
4 shillings, consequently that guinea 
is worth only 17 shillings. 

Father. Suppose the compound 
were silver and gold, how would you 
proceed in .making an estimate x>f its 
take? 

* Ghariesi i A fAeee of ' silver ef the 
weight oft a guinea would lose 12.45 
grains, from which 1 deduct 7.25, 
and \titti tb* remainder 5.2 I divide 
the vajjue of a guinea, or 252 pence, 
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and the quotient is 48.4 pence, or. 
rather more than 4 shillings is to be 
deducted from the value of a guinea 
adulterated with silver, for every grain 
it loses by immersion more than stand- 
ard gold. 

Emma. How is that, Papa? Silver 
is much dearer than copper, and yet 
you allow 4 shillings a grain when 
the guinea is alloyed with silver, and 
but 3s. lOd. when the. mixture is 
made with copper ? 

Father. Because the 'specific gra- 
vity of silver is much nearer to that 
of gold, than that of copper, conse- 
quently if. equal quantities- of silver 
find copper were miked with gold, the 
silver would cause a much less less by* , 
immersion in water than *the copper* 

As it seldom happens that the 
adulteration of metal in guineas is 
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made with all copper, or with all 
silver, but generally with a mixture- of 
"both, three shillings is upon the aver* 
age allowed for every grain that the 
base metal loses by immersion in water 
more than sterling gold. 

Emma. There is a silver cream 
jug in the parlour; I have heard 
Mamma say, she did not think it was 
real stiver; how could she find out 
whether she has been imposed on ? 

Father. Go and fetch it. We* 
will now weigh it 

Emma. It weighs 5% ounces, but 
I must weigh it in water, and it has 
lost in the water 10J dwts ; and di- 
viding 5^- ounces, or HO penny- 
weights by 10^, I get for answer 
10.7, the specific gravity of the 

j u fr 
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Father. Then there is no cause 
for complaint, for the specific gravity 
of good wrought silver is seldom more 
than this. 
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Table of Specific Gravities. 

Distilled water : l- ow 

Sea water ..,.. M f«-»*v^v* # l-02o 

Standard gold , 17.486 

Mercury ». ,,,•»••..••••• • •••• 13.568 

Standard -silye© ~. ,............*•**••*••• 1&391 

I*ad , M< ,, v .„ r M.,M,,,M,M llMz 

Brass , ••.- 8.396 

Copper ^ • •••• 7*7%& 

Tin .w. 7'.«9I 

iron (cast) .,......». ..... M .......,. ? . rm?\ 

Iron (bar) 7*788 

Zinc 7.191 

Hint-Glass &2&0 

Iydsy, ....<..*.«•••< ....,,..,..,.«. 1.825 

QU „..., - «„^ 940 

Cork • • • 240 
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CONVERSATION XVI. 






Of the Hydwmetcr. 

FA THMR. Before I describe the 
construction and uses <f the hydro* 
meter, I will show you ai experiment 
or two which will afford you enter- 
tainment, after the dry calculations in 
some of our former conversations, 

Charles. The arithmetical opera- 
tions are rather* tedious to \e sure, 
but they serve to bring to % mind what 
we have already learnt, and at the 
same time show to what uses arith* 
W#?c may be applied. 
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- father. You know that wine is 
specifically lighter than water, and 
the lighter body will always be up- 
permost : upon these principles, I will 
exttbit two or three experiments. I 
hate filled the bulb B (Plate m. 
Fig 28.) with the port wine to the top 
of |he narrow stem &\ I now fill a 
witl water. 

Imma. The wine is gradually 
grading like a fine red thread 
thrtigh the water to its surface. 

lather. And so it will continue 
till be water and wine have changed 
placjs. 

diaries. I wonder the two liquids 
do n>t mix, as wine and water do in a 
'common drinking glass. 
\ lit her. It is the narrowness of 
the \tem »r which prevents the 
adini^tare : in time, however, this 
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would be effected, because wtteY tmd 
trine have what the chemists c*fl *n 
- attraction for each other. 

If ere is a small bottle b (Piatt in. 
'Fig. 24.) with a neck three ktbes 
long, and about one sixth of ah indh 
wide ; it is full of red ftine. I will 
now place it at the bottom of % jar 
of water, a few inches deeper than 
the bottle is high. The wim you 
•observe is ascending throng) the 
water* 

Emma. This is a very prety ex- 
peroirierrt : the wine rises in a small 
column to the surface of. the water, 
bprpadihg itself over k like ackfcL 

FatheK Now reverse the experi- 
ment: fill the 'bottle with wattf, and 
plunge its neck tqaickly into a glass 
pf wine ; the wine is taking place of 
the water. 
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Chafilks. Could you decanter a 
bdttle of wifae in this W*y without 
turriingfit^? / : 

Father, I tcmfri if the neck of the 
decanter lre*e sufficiently <stnajH. The 
negroes in the W-6st*Indtes are Bead 
to be well 'acquainted with *this ipart 
of fhydrdstatuis, . and that they plun- 
der their masters df rum by filling & 
common bbttVe with Water «tad plung- 
ing tiie nedk of it 'into the bung-hole 
of the hogshead. 

JLmmui »R)or ; creaftuffes, they tfught 
to 'have something to eooaole them 
forthe^misQinles they endure. 

.Ffather, irtdbed the Cruellies that 

tttem gertai^l exercised upon the 

tf laves, Hmy toooh^extfenoate the driine 

-df pitfevmg of tehich they are said to 

'beguiky. ' 

WL. ; tar* i tit 
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Upon the principle of lighter fluids 
keeping the uppermost parts of a 
vessel, several fluids may be placed 
upon one another in the same vessel 
without mixing: thus in a long up- 
right jar, three or four inches in dia- 
meter, I can place water first, then 
port wine, then oil, brandy, oil of 
turpentine, and alcohol. 

Charles. How would you pour 
them in one upon another without 
mixing? 

Father. This will require a little 
dexterity: whefi the water is in, I 
lay a piece of very thin pasteboard 
oven its surface, and then pour in the 
wine; after which I take away the 
pasteboard, and proceed in the same 
manner with the rest. . Take a cpm- 
mon goblet or drinking glass, pour 
water ia, and then lay a thin piece 
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of toasted bread upon the water; and 
you may pour your wine upon the 
bread and the two fluids will remain 
for some time separate. 

Emma. Is the toast placed mere- 
ly to receive the shock of the wine 
when poured in ? 

Father. That is the reason. Now 
I will proceed to explain the prin- 
ciple of the* hydrometer, an instru- 
ment contrived to ascertain with ac- 
curacy and expedition the specific 
gravities of different fluids. 

a b (Plate in. Fig. 25.) is a hol- 
low cylindrical tube of glass, ivory, 
copper, &c. five or six inches long, 
annexed to a hollow sphere of copper 
d : to the bottom of this is united a 
smaller sphere b, containing a little 
quicksilver* or a few . leaden shot suf» 



flcient to poise the roachfe^ 9nd 
make' it sank vertieaHy i» the $w&. 

C/umlegu What we the marks qu 
the tube ? . 

Fatken. They are degrees exhi- 
biting the magnitudes of the p^rt be- 
low the surface, consequently the spe- 
cific gravity of the ftoidi in, which it 
descends. If tte^hsrdfoiseteij, when, 
placed i in w^fer, mk \ta lie figm^ 
10, and jghapwit of wwe t» U.l* 
tbw. the speci&ci g*»w*3§ of the w*&r 

is to that of the spirit, *& 1 M t$ 1Q : 
fo* if tjbje ^jne t^dy float nflPS dif- 
fered fJuMsi the apecifig gravity of 
these flu#& will be, to ggch Qth^r in- 
ver&Jy as the parte qf thp bgdy ha r 
mer&ed. 

Emmn. By irmr$ely> do you wean 
that the fluid in which tfos bydr^ 



** - 
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meter sinks the deepest is of the least 
specific gravity ? 

Father. Yes, I do : here is a piece 
of dry oak, which if I put into spirits 
of wine is entirely immersed y in 
water the greatest part of it sinks be- 
low the surface; but in mercury it 
scarcely sinks at all. Hence it is 
evident that the hydrometer will sink 
deepest in the fluid that is of the least 
specific gravity. 

To render this instrument of more 
service, a small stem is fixed at the 
end of the tube, upon which weights 
lite that at g may be placed. Sup- 
pose then the weight of the instru- 
ment is 10 dwts,, and by being placed 
in any ' kind of spirit it sinks to a 
certain point l, it will require an ad- 
ditional weight, suppose 1.6 dwt. to 
cause it to sink to the same depth in 

Q3 
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water: iiuthis case the specific gravity 
of the water to the spirit will be. as 
1 1 .6 to 1 a By the addition of. different 
weights the specific gravity of any 
kind of liquor is easily ftmad. The 
pokit x should be so placed as to mark 
the exact depth to which the ktstntn 
ment will sink ia the liquor that has 
the least specific gravity. . 

Cbarks. But you always make the 
specific gravity of water 1 far the ssike 
ef a standard* 

Fathefr Right : and . . to find the 
specific gravity of ti^e spirit compared 
with water^t 1 ; I .say, as, ll.fi ; 1 :: 
10 : .862 'nearly, so that I should put 
the spepific gravity of this spirit dawtt 
at .862 in a. table where water wa* 
marked 1 : and as a cubie foot of 
water weighs M)Qp ounces, a cubic 
foot of this spirit -would weigb 862 
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ounces^ which is generally the stand- 
ard of pure rectified spirit. 

Evw** Is this what is usually 
called spwts Qf wi^e ? 

Father- No: it is the alcohol of 
the cfoeraists, pnp piat of whic)* addr 
ed to a pint of water make a quart 
nfgrly qf cproippn spirits Qf wifle. 

Charfes, You s&tid .862 was gene- 
rally the specific gravity of alcohol: 
what .causey the difference at oijier 

ttae^ 

• FfitkM: ft is 9pt always manu- 
fagtpred ; of equal strength : $md the 
saw fluids v^y ip T respect ip their 
spestfjQgiawty by tfo* different <fc- 
gTSft? ftf'heat «nd cold in tfre atmp- 
sphere. The cpld pf >yiftt«i> cpqdflnws 
the fluid and increases the specific 
gravity; the heat of summer causes 
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an expansion of the fluid, and a di- 
minution of its specific gravity. . 

Emma. You said just now that a 
pint of water added to a pint of al- 
cohol made nearly a quart of spirits 
of wine, surely two pints make nfull 
quart. 

Father. Indeed they will not. A 
pint of w^ter added to q. pint of water 
wilj make a quart ; , and a pint of spi- 
rit added to a pint of spirit will make 
a quart ; but mix a pint of spirit 
with a pint of water, and there is a , 
pertain chemical union or penetra- 
tion between the particles of the two 
fluids, so that they will not make a 
quart This subject' we shall resume 
in our chemical conversations*. 

* See Dialogues in Chemistry, Vol. I. p. 4$» * 

1 
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cowe^sation xyu. 



' Of the Hydrometer, and Simmming. 

^^^ • * * 

CIJ[ABiI*E&* To what p^pose* 
is the hydrwwter ^pp]ie<£? 

FatM?, ItJs upffl ift breweries, and 
dktilller^si to asgeart^. tlje streagjtlj . 
of thqir different liqpor$: and by 
t&s ipslru^Qnt tfce. excise officers 
gMge the spirit, and tterefcy d?t^- : , 
n)i{W <hs duties tp, be paid ta the 
revenup. 

I think from the time we have 
speftti ia considering \h$ specific gra- 
vity of different bodies,, you will be at 
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no loss to account for a variety of 
circumstances that will present them- 
selves to your attention in the com- 
mon concerns of life. Can you, Em- 
ma, explain the theory of floating 
vessels ? 

Emma. All bodies whatever that 
flofit on the surface of the water dis- 
place as much fluid as is equal iq 
weight to the weight of the bodies: 
therefore f in order that a vessel may 
keep above water, it is only necessary 
to take care that the vessel and its 
cargo, passengers, &c. should be of 
less weight < than the weight of a 
quantity of water equal in bulk to 
that part of the vessel which it will 
be safe to immerge in the water. 

Father. §alt water, that is, the 
Tpater in the seft is specifically heavier 
than fresh or river watef\ 
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Charles. Then the vessel will not 
sink so deep at sea as it does in th£ 
Thames. 

: Father. That is true ; if a ship is 
laden at Sunderland, or any other 
sea-port, with as much coals or com 
as it can carry, it will come very 
safely till it reach the fresh water in 
the Thames, and there it will infal- 
libly go to the bottom unless some of 
the cargo be taken out. 

Emma. How much heavier is sea 
water than the fresh ? 

Father. About one thirtieth part, 
which would be a guide to the master 
of a vessel, who, was bent upon 
freighting it as deeply as possible. 

Charley. In bathing, I have often 
tried to swim, but have not yet been 
able to accomplish, the task; is my 
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body fcpecififcaHy l heavier tofe ' the 
water ? 

Father. I hope you will learn *o 

' swim, 'atad weft too; it may be the 

merfns ttf savirig yotur own life, told 

resfcuthg btHere Who are in danger of 

drowning: 



Life is oft preserved 



By the'boH. swimmer in the swift illapse 
Of accident disastrous. Thomson. 

« 

By some very accurate experiments 
made« by Mr. Robef tson, the fcfte 
librarian of * flie Rdyal SoeWty, upon 
ten different persons, the tiftah spe- 
cific gravity of the human body was 
found to beafbout ^th less th&n thbt tof 
corrirhon rifer water. 
•' Charles. Why then do I %tok to 
*Ke bottom ? I .ought to sWita iite 
wood on the surface* 



SWIMMING, 281 

Father. Though you are sped* 
fically lighter than water, .yet it will 
require some skill to throw yourself 
Into such a position as to cause you 
to float like wood. 

Chariot. What it that position ? 

Father. Dr. Franklin recommend* 
a person to throw himself in a slant* 
ing position on his back, tmt hi* 
whole body, except the face, should 
be kept under watef . And Thomson 
describes a youth swimming, who 



-through the obedient w*v«t 



At each short breathing by his lip repdl'd, 
With arpns and legs according well, he makes, 
As humour leads, an easy winding path. 

- SUMMER. 

Unskilful persons in the act of at- 
tempting tins, are apt to plunge about 
and struggle : by this means they 

VOL. III. $ 
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take water in at their mouths and 
nostrils, which of itself would soon 
render them a& hcaVy or heavier than 
the. water. Moreover the coldness 
of the stream tends to contract the 
body; perhaps* fear has the same 
tendency; alt these things put toge- 
ther will easily account for a person 
sinking in the water. 
•  Emma. But'if a dog or a cat he 
thrown> into 'the pond they seem as 
terrifi&d as I should be in a like situ- 
ation, yet they sever fail of making 
their way out by swimming. 

Father. Of all land animals, man 
is, probably, the most helpless in 
this element. The brute creation 
swim naturally, the human race 
must acquire the art by practice. In 
other animals the trunk of the body 
is large, and their extremities small : 



ifi-man it is the reverse, /the arrfts awd 
legs, are small in pr6portion to *fae 
bulk. -of the body, but the fcpefcific 
gravity of the ejtteaiitiesis^grdal^r 
than that of the trunk, cqnsequintJy 
it will be more difficult for mm to 
keep above water than for fourtfodted 
animals: besides, the act of swim- 
ming seems more natural to them 
than to us, as it corresponds more 
nearly to their mode of walking and 
running than to ours. 

Charles. I will try the next time 
I bathe to throw myself on my back 
according to Dr. Franklin's dire**- 
tions. 

Father. Do not forget to* make 
your experiments in water that is not 
$o deep as you are high by at least a 
foot, unless . you have an experienced 
person with you : because an unsuc- 

R 2 , 
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teasfol experiment kt this element, 
where it is but a little out of your 
depth, may be the lest you will make. 
And neither your jrister nor I can 
spare you yet. 

. Cfuarlcs. , I once jumped into a 
part of the New River, which I 
thought did not appear deeper than 
you Bay, and I found it was over my 
bead, but there were several persons 
there who soon put me in shallower 
water. 

Father. It is not so generally 
known as it ought to be, that the 
depth of a clear stream of water is 
always one-fourth part greater than it 
appears to be*. 



* The reason of this deception is explained 
in x>ur Conversations on Optics. Sea Vol. Y- 
Conversation IV* 
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Charles: If the rivc*r appear to 
be only ! three feet deep, may I reckori 
upon its being fuH four feet? % '•** - 
/ Fatkef*. You -mast estimate it irf 
this manner. Remember also that if 
& person sink slowly in water ever so 
deep, a small effort will bring him up 
again, and if he be then able to throw 
himself on his back, keeping only his 
face above water, all will be well*; but 
if instead of this he is alarmed, and 
by struggling throw himself so high 
above the water that his body does 
not displace so much of it as is equal 
to its weight, he wilj sink with an 
accelerated motion : a still stronger ef- 

i 

* It has been asserted lately, in some of 
our best periodical works, that if a person 
falling in the water, has presence of mind to 
lean his head a little backward, and never lift 
his bands above the water, he cannot sink. 

rS 
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fort, which the sense of danger will in- 
spire, may bring him up again, bat in 
two or thnee effort* of this kind bis 
strength fails, and he sinks to rise no 
more alive. 

Emma. Is it the upward pressure 
which bring* up a person that is at a 
considerable. depth in the water? 

Father. It is : this upward pres- 
sure balances the weight of water 
which he sustains, or he would be 
crushed to pieces by it 

Cork an empty bottle e*er so well, 
fend with weights plunge it ddwn a 
hundred yards into the sea, and the 
pressure of the water will force the 
cork into the bottle. 



v 
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CONVERSATION XVIII. 



Of the Syphon. 

FATHER. This bended tube 
(Plate in. Fig. 96L) is called a Sy- 
phon, and it is used to draw off water, 
wine, or other fluids, from vessels 
which it would be inconvenient to 
move from the place in which they 
stand. 

Charles. I do not see how it can 
draw liquor out of any vessel : — why 
is one leg longer than the other ? 

Father* I will first show you how 
the operation is performed, and then 
endeavour to explain the principle. 
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I fill the tube, £ d c with water, 



and then placing a finger on e, and 
another on c. I invert the tube, and 
immerse the shorter leg into a jar of 
water ; and having taken my fingers 
away, you see the water runs over in 
a stream. 

Emma, Will it continue to flow 
over? . - 

Father. It will till the water in 
the vessel come as low as e, the edge 
of the syphon. 

Charles. Is this accounted for by 
pressure? 

Father. To the pressure or weight 
of the atmosphere we are indebted 
for the action of the syphon, pumps, 
&c. .At present you must take it 
for granted that the air which we 
breathe, though invisible, has weight, 
and that the pressure, occasioned by 



r 
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it, is equal to about 14 or 15 pounds 
upon every square inch*. The sur- 
face of this table i$ equal to about six 
square feet, or 864 square inches, and 
the pressure of the atmosphere upon 
it is equal to at least 12,000 pounds. 

Emma. How does the pressure of 
the air cause the water to run through 
the syphon ? 

Father. The principle of the sy- 
phon is this ; the two legs are of un- 
equal length, consequently the weight 
of water in the longer leg is greater 
than that in the shorter, and there* 
fore will, by its own gravity, run out 
at c, leaving a vacuum from r> to e, 

* If any of my young readers are unwilling 
to admit this assertion without proof, they roust 
be referred tp the beginning of the fourth vo- 
lume of these Dialogues, for a complete detnon- 
itmtion of the fact. 



J90 HYDROSTATICS. 

did npt the pressure of the atmo- 
sphere oh the surface of the water in 
the. jar force it nip the leg d e, and 
thus continually supply the place of 
the water in d c. 

. Charles. But since the pressure of 
fluids acts in all directions, is not the 
upward pressure of the atmosphere 
against c, the mouth of the tube, 
equal to the downward pressure on 
the surface of the water ? 

Father. The pressure of the at- 
mosphere may be considered as equal 
in both cases. But these equal pres- 
sures are counteracted by the pres- 
sures of the two unequal columns of 
water, vt e and d c> And since the 
atmospheric pressure is more than 
sufficient to balance both these co- 
lumns of fluid, that which acts with 
the lesser force, that. is, the column 
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i> £ Will be more pressed against r £> c 
than d c is against d e at the vertex 
d'; 4 consequently the column d£ will 
yield to the greater pressure, and floiv 
off through the orifice c. » 

Emma. Would the same {thing 
happen if the outer leg do were 
shorter than the other ? . \ 

*■ Father. If d c were brokeh 6ff 
at 9, even with the surface of the 
water, no water would run over : Or 
if it were broken off any where lower 
than b, it would only run away till 
the surface of the fluid descended to 
a level with the length of the outer 
tube, because then the column; d e 
will be no more pressed against d c, 
than dc is against, d e, and conse- 
quently the syphon will empty itsdf ; 
the, water in the outer leg will run 
out at the lower orifice, and that 



J 
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ia the inner will fall back into the 
jar. 

Charles. In decanting a bottle 
of wine, are you qbliged first to fill 
the syphon with liquor, and then k*» 
vert it? 

Father. No : a small pipe b fixed 
to the outer leg of the syphon, fay 
which the air is drawn out of it by 
the mouth, and the short leg being 
immersed in the wine, the fluid wiH 
follow the air, and run out till die 
bottle is empty. 

The syphon is sometimes disguised 
for the sake of amusing young people. 
Tantalus's cup (Plate in. Fig. 27) 
is of this kind. The longer leg of 
the syphon passes through, and is 
cemented into the bottom of the 
cup; if water be poured into the 
cup, so as not to stand so high as 
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the bend of the tube, the water will 
remain as in any common vessel ; 
but if it be raised over the bended 
part of the syphon, it will run over, 
and continue to run till the vessel is 
emptied. Sometimes a little figure 
of a man, representing Tantalus, 
conceals the syphon, so that Tanta- 
lus, as in the fable, stands up to his 
chin in water, but is never able to 
quench his thirst, for just as it comes 
to a level with his chin, it runs out 
through the" concealed syphon. 

Emma. To this fable the lines in 
Pope's Homer refer : 

E'en in the circling floods refreshment craves, 
And pines with thirst amidst a sea of waves; 
And when the water to his lips applies, 
Back from his lips the treacherous water flies. 

Pope. 

VOL. III. S 
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Father; It is alluded to also by 
our own Milton : 



• and of itself the water flies 

All taste of living wight, as once it fled 

The lip of Tantalus. 

Par. Lost, Book II. 

This is another kind of Tantalus s 
cup (Plate ,iv. Fig. 28.), but the 
syphon is concealed in the handle, 
and when the water in the cup, which 
communicates with the shorter leg at 
t, is raised above the bend of the 
handle, it runs out through the 
longer leg at p, and so continues till 
the cup is empty. This cup is often 
made to deceive the unwary, who, 
by taking it up to drink, cause the 
water, which was, while at rest, be- 
low the bend of the syphon, to run 
over, and then there is no means of 
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stopping the stream till the. vessel is 
empty. , 

Charles. I have frequency, seen 
at the doors of public houses large 
hogsheads of spirits in carts or wag- 
gons, and persons drawing off the 
contents by means of an instrument 
like a syphon. 

Father. That is called a distiller's 
crane or syphon, b (Plate i v. . Fig. 
29.) represents one of these barrels 
with the crane at work from the 

r 

bung-hole .«. The longer leg m r 
is about three feet long, with a stop- 
cock near the middle, which, must 
be shut, and then the shorter leg is 
immersed in the liquor. 

Emma. Is the air in the short leg 
forced into the other by the upward 
pressure of the fluid ? 

s 2 



196 HYDROSTATICS. 

Father. It is, and the cock being 
shut it cannot escape, but will be very 
much condensed. If then the cock 
be suddenly opened, the condensed 
air will rush out, and . the pressure of 
the air on the liquor in the vessel will 
force it over the bend of the syphon, 
and cause it to flow off in a stream, 
as the figure represents. If, how- 
ever, the barrel be not full, or nearly 
ao 9 then it is necessary to draw the 
air out of the syphon by means of a 
small tube, a b, fixed to it. 

By the principle of the syphon we 
are enabled to explain the nature of 
intermitting springs. 

Emma. What are these, Papa ? 

Father. They are springs, or ra- 
ther streams, that flow periodically. 
A figure will give a clearer idea of 
the subject than many words without 
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g f c (Plate iv. Fig. 30.) represent 

a cavity in the bowels of a hill, or 

mountain, from the bottom of which, 

c, proceeds the irregular cavity ced, 

Jbrming a sort of natural syphon. 

Now, as this cavity fills, by means 

of rain or snow draining through the 

pores of the ground, the water will 

gradually rise in the leg c e, till it 

has attained the horizontal level h k, 

when it will begin to flovv through 

the leg e d, and continue to increase 

in the' quantity discharged as the 

water rises higher, till a full stream is 

sent forth, and then, by the principle 

of the syphon, it must continue to 

flow till the water sink to the level 

ii, when the air will rush into the 

syphon, and stop its motion. 

. Charles. . And being once brought 

so low,, it cannot run over again till 

s3 
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the cavity is full of water, or, at 
least, up to the level h k, which, aa 
it is only supplied by the draining of 
the water through the ground, must 
take a considerable length of time: 
Is that the reason why they are called 
intermitting springs? 

Father. It is : Mr. Clare, in h|$ 
treatise " On the Motion of Fluids," 
illustrates this subject by referring to 
a pond at Gravesepd, out of which 
the water ebbs all the time the tide 
is coming into the adjacent river, 
and runs in % while the tide is. going 
out. Another instance mentioned 
by the same author is a spring m 
Derbyshire, called the Wedding-well^ 
which, at certain seasons, issues forth 
a strong stream, with a singing noise, 
for about three minutes, and. theq 
stops again. At Lambourn, in Berk- 
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shire, there is a brook which in summer 
carries down a stream of water suffi- 
cient to turn a mill; but during the 
winter there is scarcely any current at 
all. x . 

In intermitting springs the periodi- 
cal returns of the flowing and cessation 
will be regular, if the filling of the re- 
servoir be so ; but the interval of the 
returns must depend on the quantity 
of water furnished by the springs. 




i 
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CONVERSATION XIX. 



* . Of the Diver s Bell. 

FATHER. Take this ale-glass, 
and thrust it with the mouth down* 
wards into a glass jar of water, and 
you will perceive that but very little 
water will enter into it. 

Charles. The water does not rise 
in it more than about a quarter of 
an inch: if I properly understand 
the subject, the air, which filled the 
glass before it was put in water, is 
now compressed into the smaller 
space ; and it is this body of air that 
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prevents more water from getting into 
the glass. 

. Father. That is the reason : for if 
you tilt the glass a little on one side, a 
part of the air will escape in the form 
of a bubble, and then the water will 
rise higher in the glass. 

Upon this simple principle machines 
have been invented, by which people 
have been able to walk about at the 
bottom of the sea, with as much safety 
as upon the surface of the earth. 
The original machine of this kind was 
much improved by Dr. Halley, more 
than a century ago : it was called the 
Diver's Bell. 

Charles. Was it made in the shape 
of a bell? 

Father. It was; and as great 
strength was required to resist the 
pressure of the water, he caused it 
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to be made of copper : this (Plate iv. 
Fig. 31.) is a representation of it 
The diameter of the bottom was five 
feet, that of the top three feet, and it 
was eight feet high : to make the vessel 
sink vertically in water, the bottom 
was loaded with a quantity of leaden 
balls, 

Emma. It was as large as a good 
sized closet ; but how did he contrive 
to get light? 

Father. Light was let into the 
bell by means of strong spherical 
glasses, fixed in the top of the ma- 
chine. They are thus described by 
Dr. Darwin : 

»  Lo ! Britain's sons shall guide 

Huge sea-balloons beneath the tossing tide; 
The diving castles, roof d with spheric glass, • 
Ribb'd with strong oak, and barred with bolts 
of brass. 

Botanical Garden. 
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Charles. How are the divers sup- 
plied with air ? 

Father. Barrels, filled with fresh 
air, were made sufficiently heavy, and 
sent down, such as that represented 
by c; from which a leathern pipe 
communicated with, the inside of the 
bell, and a stop-cock at the upper part 
of the bell let out the foul air. Dr. 
Darwin, in the spirit of prophecy, an- 
ticipates the time when these machines 
will be sent out upon voyages of dis- 
covery, and says, 

TIienshallBRiTANNiA rule the wealthy realms, 
-Which Ocean's wide, insatiate wave overwhelms ; 
Confine in netted bowers his scaly flocks, 
Fart his blue plains, and people all his rocks. 

Botanical Garden. 

Emma. The little men seem to 
sit very contentedly under the bell, 
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yet I do not think I should like a 
journey with them. 

Father. Perhaps not: but the 
principal inconvenience which divers 
experience arises from the odnden^ 
sation of the air in die bell, which 
though in the ale-glass was very 
trifling, yet at considerable depths 
in the sea is very great, and pro- 
duces a disagreeable pressure upon 
all parts of the body, but more parti- 
cularly in their ears, afc if quills were 
thrust into them. This sensation 
does not last long, for the air pressing 
through the pores of the skin, soon be- 
comes as dense within their bodies as 
without, when the sense of pressure 
ceases, 

Emma. They might stop their 
ears vrith cotton. 
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Father. One of them once thought 
himself as cunning as you, and for the 
want of cotton he chewed some paper, 
and stuffed it into his ears; as the 
bell descended, the paper was forcibly 
pressed into the cavities, and it was 
with great difficulty and some danger 
that it was extracted by a surgeon, 

Charles. Are divers able to remain 
ifcng under water? 

CD 

Father. Yes : when all things are 
properly arranged, if business require 
it, they will stay several hours without 
the smallest difficulty. 

Emma. But how do they get up 
again ? 

Father. They are generally let 
down from on board ship, and tak- 
ing a rope with them, to which is 
fixed a bell in the vessel, they have 

VOL. III. T 
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only to pull the string, and the people 
in the ship draw them up. 

Charles. What does the figure e 
represent ? 

Father. A man detached from the 
bell, with a kind of inverted basket 
made of lead, in which is fixed another 
flexible leathern pipe, to give him fresh 
air from the bell as often as he may 
find it necessary. By this method a 
« man may walk to the distance of 80 
or 100 yards from the machine. 

Emma. It is to be hoped his com- 
rades will not forget to supply him with 
air. 

Father. If his head is a little 
above that part of the bell to which 
the pipe communicates, he can by 
means of a stop-cock assist himself as 
often as he requires a new supply.; 
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and that man is always best helped 
who can help himself. 

Charles. I dare say that is a right 
principle; in the present case, I am 
sure, it would be exceedingly wrong 
to depend on another for that which 
might be done by one's self. Has the 
Diver s Bell been applied to any very 
useful purposes? 

Father. By means of this inven- 
tion, a great number of valuable com- 
modities have been recovered from 
wrecks of ships, though at great depths 
in the sea. 



T2 



808 HYDROSTATICS. 



CONVERSATION XX. 



Of the Divers Bell. ' 

FATHER. You see how, by this 
contrivance the parts of wrecked 
vessels and their cargoes are saved 
from the devouring ocean; and by 
what means people are enabled to 
pursue the business of pearl and coral 
fishing. 

Emma. Have there been no acci- 
dents attending this business ? 

Father. There are very few pro- 
fessions, however simple, the exercise 
of which, either through carelessness 
or inattention, is not attended with 
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danger. The diving-bell proved fa- 
tal to Mr. Spalding and an assistant, 
who went down to view the wreck 
of the Imperial East-Indiaman near 
Ireland. They had been down twice, 
but on descending the third time 
they remained about an hour under 
water, and had two barrels of air 
sent down to them, but the signals 
from below not being again repeated, 
after a certain time they were. drawn 
up by their assistants, and both found 
dead in the bell.: This accident 
happened by the twisting of some 
ropes, which prevented the unfortu- 
nate sufferers from announcing their 
wants io .their companions in the 
ship. — Mr. Day also-perished at Ply- 
mouth in a diving-bell of his own 
construction, in which lie was to 
have continued, for a wager, twelve 

t 3 
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hours, one hundred feet deep in water. 
To these Dr. Darwin alludes; when 
speaking of the sea he says, 

Mingling in death the brave and good behold, 
With slam to glory, and with slaves to gold, 
Shrin'd in the deep shall Day and Spalding 

mourn, 
Each in his treacherous bell, sepulchral urn ! 

Botanical Garden, 

* 

Charles. Did these accidents pot 
an end to the experiments ? 

Father. No; but they have led to 
improvements in the structure and use 
of the machine. Mr. Smeaton very 
successfully made use of a square 
cast-iron chest (Plate iv. Fig. 32.), 
t\)e weight of which, 50 cwt., was 
heavy enough to sink itself. It was 
4£ feet in height, the same number 
of feet in length, and 3 feet wide, 
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and of course afforded sufficient room 
for two meh to work under it at a 
time. 

Emma. What are those round 
things at the top ? 

Father. They are four strong 
pieces of glass to admit the light The 
great advantage which this had above 
Dr. Halley's bell, was, that the divers 
were supplied with a constant influx 
of air, without any attention of their 
own, by means of a fprciag air-pump,, 
worked in a boat upon the water's 
surface. 

Charles. That is not represented 
in the plate. 

Father. Look to the next figure, 
(Plate iv. Fig. 83.) which is a. div- ( 
ing machine of a different construe- , 
tion, invented by the very ingenious * 
and truly respectable lecturer, Mr. J 
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Adam Walker *, by whose leave I am 
enabled to copy the figure. 

This machine is of the shape of a 
conical tub, but little more than one- 
third as large as Mr. Smeaton's. The 
balls at the bottom are lead, sufficiently 
heavy to make it sink of itself: a 
bended metal tube, a b c, is attached 
to the outside of a machine with a 
stop-cock a, and a flexible leathern 
tube to the other end c ; this tube is 
connected-' with a'forcing air-pump rf, 
which abundantly supplies the diver 
with fresh air. 

Emma. Can he move about with 
the machine ? 

Father. Most readily ; for the 
pressure of the water being equal on 

* See Walker's System of Natural PMoso- 
•pby, 2 yols..4to; 
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all sides, he meets with very little 
resistance; and the ropes and lea- 
thern tube being flexible, he can, 
with the machine over his head, 
walk about several yards, in a per- 
pendicular posture : and thus having 
a more ready access to pieces of the 
wreck than in a cumbrous bell, he 
can easily fasten ropes to them, and 
perform any sort of business nearly 
as well as on dry land. Mr. Walker 
says, that the greatest part of the 
wreck saved from the rich ship Bel- 
gioso was taken up by means of his 
bell. The following anecdote, given 
by this gentleman, will entertain my 
young readers. 

" As the diver had plenty of air 
to spare, he thought a candle might 
be supported in the bell, and he 
could descend by night He made 
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the experiment, and presently found 
himself surrounded by fish, some very 
large, and many such as he had never 
se6n before. They sported about the 
bell, and ?melt at his legs as they hung 
in the water : this rather alarmed him, 
for he was not sure but some of the 
larger might take a fancy to him ; he 
therefore rang his bell to be taken up, 
and the fish accompanied him with 
much good nature to the surface.'* — 
To a scene not very unlike this, Dr. 
Darwin refers in the spirit of prophecy, 
when, 

Onward, thro' bright meandering vales, afar, 
Obedient sharks shall trail her sceptred car, 
With harness'd necks the pearly flood disturb, 
Stretch thcsilk rein, and champ the silver curb ; 
Plcas'd round her triumph wond'ring Tritons 

play, 
And sea-maids hail her on the wat'ry way. 

, Botanical Ga&dek. 
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CONVERSATION XXI. 



Of Pumps. 

FA THER. Here is a glass model 
of a common pump (Plate iv. Fig. 
34.) which acts by the pressure of the 
atmosphere on the surface of the water 
in which it is placed. 

Emma. Is this like . the pump be- 
low stairs ? 

Father. The principle is exactly 
the same : a represents a ring of 
\vood or .metal, with; pliable leather 
fastened round it to fit the cylinder 
a. Over the whole is.avalye of 
metal covered with leather, of which 
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a part 1 serves as a hinge for the valve 
to open and shut by. 
• Charles. What is a valve, Sir ? 

Father. It may be described as a 
kind of lid or trap-door, that opens one 
way into a tube, but which the more 
forcibly it is pressed the other way, 
the closer the aperture is shut : so that 
it either admits the entrance of a fluid 
into the tube, and prevents its return ; 
or permits it to escape, and prevents 
its re-entrance. 

Attend now to the figure: the 

handle and rod r end in a fork s, 

which passes through the piston, and 

is screwed ftst to it on the under side. 

Below this/ and over a tube of a 

smaller bore, as z> is another valve v 

opening upward, which admits the 

water to flow up, but not to rim 
down, ! 
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Emmy. That valve is open now, 
by which we see the size of the lower 
tube, but I do not perceive the upper 
valve. 

Father. It is supposed to be shut, 
and in this situation the piston a is 
drawn up, and being air-tight, the 
column of air on its top is removed, 
and consequently leaves a vacuum in 
the part of the cylinder between the 
piston and the lower valve. 

Charles. I now see the reason of 
lifting up the pump handle : because 
the piston then goes down to the 
lower valve, and by its ascent after- 
wards the vacuum is produced. 

Father. And the closer the piston 
is to the lower valve the more perfect 
will be the vacuum. 

You know there is a pressure of the 
air on all bodies on or near the sur- 

vol. 111. u 
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face of the earth, eqttal to about 14 
or 15 pounds on every square irtch: 
this pressure upon the water in the 
wel^ into which the lower end of the 
pump is fixed, forces the water into 
the tube z above its level as high 
as/. 

Charles. What becomes of the 
air that was in that part of the tube ? 

Father. You shall see the ope- 
ration: I put the model into a 
dish of water which now stands at a 
level in the tube z } with the water 
in the dish. I draw up the piston a 
which causes a vacuum in v the cylin- 
der A. 

Emma, But the valve v opens, 
and now the water has risen as high 
as /. 

Father. Because when die air was 
taken out of the cylinder a, there 
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was no pressure upon the valve ■? to 
balance that beneath it, consequently 
the air in the tube z opens its valve 
v t and part of it rushed into a. But 
as soon, as part of the air had left the 
tube.*, the pressure of the atmosphere 
upon the water in the dish was greater 
than that of the air in the tube, and 
therefore by the excess of pressure 
the water is driven into it as high 
as /. , 

Charks. The valve v is , again 
shut. 

Father. That is, because the air 
is diffused equally between the level 
of the water at / and the piston a> 
and therefore the pressures over and 
under the valve are equal. And the 
reason that the water rises no higher 
than /is, that the air in that space 
is not only equally diffused, but is of 

u 2 
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*he same density as the air without. 
Push down the piston a again. 

Emma. I saw the valve- in the 
piston open. 

Father. For the air between the 
piston and valve v could not escape 
by any other means than by lifting 
up the valve in a. I will draw up 
the piston. 

Charles. The water has risen now 
above the valve v as high as m. 

Father. I dare say you can tell 
the cause of this. 

Charles. Is it this : by lifting up 
the piston, the air that was between 
/ and the valve v rushed into a, and 
the external pressure of the atmo- 
sphere forced the water after it ? 

Father. And now that portion of 
air remains between the surface of 
the water w and the piston. The 
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next time the piston is forced down, 
all the air must escape, the water will 
get above the valve in the piston, 
and in raising it up again, it will be 
thrown out of the spout. < 

Emma. Will the act of throwing 
that out open the lower valve again, 
and bring in a fresh supply ? 

Father. Yes : every time the pis- 
ton is elevated, the lower valve rises, 
and the upper valve falls ; but every 
time the piston is depressed, the lower 
valve falls, and the upper one rises. 
- Emma. This method of raising 
water is so simple and easy, that I 
wonder people should take the trou* 
ble of drawing water up from deep 
wells, when it might be obtained so 
much easier by a pump. 

Father. I was going to tell you, 
thfct the action of pumps, so beauti- 

v 3 
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ful and simple as it if, is/rery limit- 
ed in its operation. If the water 
in the well be more than 32 or 33 
feet from the valve v, you may 
pump for ever, but without any 
effect. 

Charles. That seems strange ; but 
why 33 feet in particular ? 

Father. I have already told you 
that it is the weight of the atmo- 
sphere which forces the water into 
the vacuum of the pump : now if 
this weight were unlimited, the ac- 
tion of the pump would be so like- 
wise; but the weight of the atmo* 
sphere id only about 14 or 15 pounds 
on every square inch ; and a column 
of water, of about 33 feet in height, 
and whose surface is one square inch, 
weigh* also 14 or 15 pounds. 
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Charles. Then the weight of the 
atmosphere would balance or keep in 
equilibrio only a column of water of 
33 feet high, and consequently could 
not support a greater column of water, 
much less have power to raise it up. 

Emma. A pump, then, would be 
of no use in the deep wells which we 
saw near the coast in Kent. 

Father. None at all: the piston 
of a pump should never be set to 
work more 'than 28 feet above the 
water, because at some periods the 
pressure of the atmosphere is so much 
less than at others, that a column of 
water, something more than 28 feet 
will be equal to the weight of the 
air. 

You cannot better fix in your 
mind the principle and action of the 
pump, than by committing to your 



€24 



HYDROSTATICS. 



memory Dr. Darwin's beautiful de- 
scription of it ; 

Nymphs ! You first taught to pierce the secret 

caves 
Of humid earth, and lift her pond'rous waves ; 
Bade with quick stroke the sliding piston bear 
The viewless columns of incumbent air ;— 
Press'd by the incumbent air, the floods below 
Through opening vales in foaming torrents flow; 
Foot after foot with lessened impulse move, 
And prising, seek the vacancy above. 

Botanic Garden, 
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CONVERSATION XXII. 



Of the Forcing-pump— Fire engine — 
Rope-pump — and JVater-press. 

CHARLES. Why is this called 
the forcing-pump? (Plate iv. Fig. 
35.) 

Father. Because it not only raises 
the water into the barrel like the 
common pump, but afterwards forces 
it up into the reservoir k k. 

Emma. How is that operation 
performed, Papa? 

Father. The pipe and barrel 
are the same as in the other pump, 
but the piston g has no valve ; it is 
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solid and heavy, and made air-tight, 
so that no water can get above it. 

Charles. Does the water come up 
through the valve a, as it did in the 
last? 

Father. By raising up the piston, 
or, as it is generally called, the 
plunger g, a vacuum is made in 
the lower part of the barrel, into 
which, by the pressure of the air, 
the water rushes from the well, as 
you shall see. 

Emma. And the valve is shut 
down. 

Father. The water not being able 
to go back again, and being a fluid 
that is nearly incompressible, when 
the plunger is forced down, it escapes 
along the pipe m, and through the 
valve b into the vessel k . 
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Charles. Though the water stands 
no higher than A, yet it flows through 
the pipe f to some height. 

Father. The pipe f i is fixed into 
the top of the vessel, and is made 
air-tight, so that no air can escape 
out of it after the water is higher 
than i, the edge of the pipe. 

Emma. JThen the whole quantity 
of air which occupied the space f b 
is compressed into the smaller space 
h f. 

Father. You are right, and there- 
fore the extra pressure on the water 
in the v vessel forces it through the 
pipe, as you see. 

Charles. And the greater the con- 
densation, that is, the more water 

4 

you force into the vessel k, the higher 
the stream will mount. 
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- Father. Certainly : for the forc- 
ing-pump differs from the last in this 
respect, that there is no limit to the 
altitude to which water may be 
thrown, since the air may be con* 
densed to almost any degree. 

The water-works at London-bridge, 
alluded to p. 101, exhibit a most cu- 
rious engine, constructed upon the 
principle of the forcing pump: the 
wheel- work is so contrived as to move 
either way as the water runs : by these 
works, 140,000 hogsheads of water 
are raised every day. 

Emma. Is there any rule to cal- 
culate the height to which an engine 
will throw water ? 

Father. If the air's condensation 
be double that of the atmosphere, its 
pressure will raise water 33 feet; if 
the condensation be increased three- 
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fold, the water will reach 66 feet; 
and so on, allowing the addition of 
S3 feet in height for every increase 
of one to the number that expressed 
{be air's condensation. 

Charles. Are fire-engines made in 
this manner? 

Father. They are all constructed 
on the same principle, but there are 
two barrels by whioh the water is al- 
ternately driven into the air-vessels : 
by tins means the condensation is 
much greater ; the water rushes out 
in a continued stream, and with such 
velocity, that a raging fire is rather 
dashed out than extinguished by it, 
which is well described in the Botanic 
Garden: 

S N ymphs ! You first taught the gelid wave to 

rise, 
HurKd in resplendent arches to the skies ; 
VOL. III. * X 
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In iron cells condens'd the airy spring, 
And imp'd the torrent with unfailing wing. 
— On the fierce flames the shower impetuous 
falls, [walk; 

And sudden darkness shrouds the shattcrM 
Steam,sraoke, and dust, in blended volume* roll, 
And night and silence re-possess the Pole. 

Garden-engines are also constructed 
on a principle similar to that which 
we have been describing. 

This figure- (Plate iv. Fig. 96.) is 
the representation Of a method of 
raising water from Wells of consider- 
able depth. - 

Emma. Is it a more convenient 
method than the wheel and axis ? 

Father. The wheel and axis are 
adapted merely to draw up water by 
buckets : whereas the rbpe-pump is 
intended to throw water into a reser- 
voir to almost any height* It consists 
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of three hair ropes passing over the 
pulleys a and b, which have three 
grooves in each. The lower pulley b 
is immersed in the water, in which it 
is kept suspended by a weight x. 
The pulleys are turned round with 
great velocity by multiplying wheels, 
and the cords in their ascent carry 
up a considerable quantity of wa- 
ter, which they discharge into the 
box or reservoir z, from whence by 
pipes it \ may be conveyed elsewhere. 
The ropes must not be more than 
about an inch apart. 

Emma. What is the reason of 
that, Papa? 

. Father. Because, in that case, a 
sort of column of water will ascend 
between the ropes, to which it ad* 
heres by the pressure of the atmo- 
sphere. 

x 2 
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Charles. Ought not this column, 
in its ascent, to fall back by its own 
gravity. 

Father. And so it would, did not 
the great velocity of the ropes occa- 
sion a considerable rarefaction of the 
air near them, consequently the ad- 
jacent parts of the atmosphere press- 
ing towards the, vacuity, tend to 
support the water. 

Emma. Can any considerable 
quantity of water be raised in this 
way? 

'Father. At Windsor a pump of 
this kind will raise, by the efforts of 
one man, about 9 gallons of water 
in a minute from a well 95 feet deep* 
In the beginning of motion, the co- 
lumn of water adhering to the rope 
is always less than when it has been 
worked for some time, and the quaa- 
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ttty continues to increase till the sur- 
rounding air partake of its motion. 
There is also another of these pumps 
at the same place, which raises water 
from the well in the Ground tower 
*I78 feet in depth. 

Charles. You toki us some time 
ago, that when we had seen the na- 
ture and understood the construction 
of valves, you would explain the action 
fcf the water-press. 

Father. This is a good time for 
the purpose, and* with it I shall con- 
dude our hydrostatical conversations. 

You must turn back to the second 
Plate (Fig. 14.)- fl is a strong cast- 
Sroh cylinder, ground very accurately 
within, that the piston e may fit ex- 
ceedingly close and well. I need 
scarcely tell you, that the little figure 
represents a forcing-pump, with a so- 
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plunger c, and a valve n that open 
upwards, through which the water i$ 
brought into the pipe n 0. By brings 
ing down the plunger c, the water 
inn oh forced through the valve * 
into the bottom of the cylinder, and 
thereby drives up the plunger e. 

Charles. What does m represent ? 

Father. A bundle of hay, or bag 
of cotton, or any other substance that 
it may be desirable to bring into a 
compass twenty or thirty times less 
than it generally occupies. 

Emma. I Bee now the whole ope* 
ration : the more water there is forced 
into n 0, the higher the plunger is 
lifted up, by which the substance m 
is brought into a smaller space. 

Father. Every time the handle # 
is lifted up, the water rushes iu iron* 
the well or cistern, and when it is 
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brought down the water must be 
forced into the cylinder. The power 
of this engine is only limited by the 
strength of the materials of which it 
k made, and by the force applied 
toit., « 

Mr. Walker says, a single man 
working at s, can, by a machine of 
this kind, bring hay, cotton, &c. into 
twenty times less compass than it was 
before ; consequently a vessel carry- 
ing light goods may be made to con- 
tain twenty times more packages by 
means of the water-press than it could 
without its assistance. 
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